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THE CALORIE VALUE OF TDN 


E. W. Crampton, L. E. Ltoyp AND V. G. MacKay ! 
Department of Nutrition, Macdonald College (McGill University), Canada 


lf we must describe or prescribe the quantity of usable energy needed 
by or desirable to offer to animals, we must have a workable measure- 
ment of it. Whether the term should describe the digestible, or the metab- 
olizable, or the net energy, is still debated by three shcools of thought on 
this question. The biological accuracy of all terms used to describe the 
apparently digestible fraction of the energy-yielding components of food 
suffers by reason of complications introduced by metabolic fecal protein, 
metabolic fecal fat, and the unrecorded energy losses represented by 
voided fermentative gases. But from the purely procedural standpoint, 
the simplest measure of usable energy is that of digestible calories, where 
a single determination each on the food and on the resulting feces suffices. 
This in no way interferes with the subsequent calculations of metabolizable 
or of net energy, should these also be desired. 

If “digestible calories” gives nutritional information comparable in 
biological accuracy and general usefulness to the long used TDN scheme, 
it might well be preferred to it. However, any change from the use of TDN 
to digestible energy, in feed description or in feeding standards, will 
make it necessary either to abandon the present extensive TDN data or to 
find a means of converting these values to acceptably accurate correspond- 
ing calorie figures. In 1954 the Committee on Animal Nutrition of the 
U. S. Research Council appointed a subcommittee to study this problem, 
having in mind the decision of the Committee on Feed Composition to 
include caloric values in their tables, as well as the desirability in future 
revisions of the tables of nutrient requirements of animals of expressing 
energy needs in terms of digestible calories. As a consequence studies were 
undertaken in our laboratory designed to further elucidate the quantitative 
relations between TDN and digestible caloric values of swine rations. This 
paper reports the results of this study. 


The Problem 


One term, not now available, is required for the description of the 
digestible energy of feeds. If this term is to be obtained for past data it 
will have to be estimated in most cases solely from already recorded 
proximate analyses and total digestible nutrient (TDN) values. This 
term is The Digestibility of the Gross Calories. 

We may perhaps indicate more clearly what is involved in the solution 


1 Contribution from the Faculty of Agriculture, McGill University, Macdonald College, Que., 
Canada. Journal Series No. 404. 
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of the problem if we set out in formula the relationships of the variables 
as we have conceived them. 
Gross Cal. per 100 gm. feed % Digestibility of Cal. 


% TDN (1) 





Cal. per gm. of TDN= 


Gross Calories in this equation can be acceptably computed from the 
protein, ether extract, and total carbohydrate of the proximate analysis 
and their respective heats of combustion 5.65, 9.3, and 4.3 Calories per 
gram. 

Digestibility of Calories. This term must be predicted either from the 
proximate composition or from TDN. There is no biological justification 
for any assumption that digestibility of protein, fat, or carbohydrate should 
necessarily be highly correlated with the proximate analysis of a feed. 
However, there is a close correlation between percent TDN and percent 
digestibility of calories, because these are merely two numerical measure- 
ments of an identical biological function. Any deviation from perfect 
correlation (within the limits of biological experimental error) must reflect 
fundamental errors in the mathematica! basis for calculating TDN. That 
is to say, unless a systematic error is involved in calculating TDN, the 
ratio of the numerical value of the quantity “% digestibility of calories” 
to % TDN must be a constant and should apply to all feeds and to all 
species of animals. 

Such errors do, in fact, exist in the use of 4 Calories per gram as the 
caloric value of digested protein, of 9 Calories per gram for digested ether 
extract, and 4 Calories per gram for digested carbohydrate. However, since 
they are systematic they should lend themselves to statistical “‘correction”’. 

Percentage of Total Digestible Nutrients. A TDN value has been “es- 
tablished for most animal feeds. This coefficient is subject to variability 
which, in terms of standard deviation, appears from data in our laboratory 
to be the order of +0.5 and +1.3 units of percent for swine and for sheep 
respectively. Thus, between replicate tests, one might find ranges of one 
or two percentage units above or below published and commonly used 
average values. Therefore, to the extent that predicted values of calorie 
digestibility depend in part on TDN figures, there will be a limit to the 
accuracy of such prediction. 


Theoretical Values 


After careful examination of data from digestion trials, we arrived at 
the conclusion that the most fruitful approach to the problem would be 
to set up an hypothetical example from which to obtain statistical con- 
stants indicated from theoretical considerations to be needed. The example 
chosen was a set of 30 rations in which, at the expense of carbohydrate, 
protein was varied systematically in units of 5% from 10% to 30%; and 
ether extract in units of 3% from 3% to 18% within each of the five 
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protein levels. Ash was taken as 2% and the carbohydrates was by differ- 
ence. Coefficients of digestibility of 85, 80 and 70 were assumed for pro- 
tein, fat and carbohydrate respectively. The digestibility coefficients 
chosen were typical of swine rations. The figure for digestibility is not 
critical excepting that it must be the same in each of the 30 rations of 
this example. Gross calories and digested calories were then computed 
from the protein, fat, carbohydrate, and the usually accepted heats of 
combustion. TDN values were calculated by standard procedures. The 
caloric value of one unit of TDN is calculated as the ratio of digested 


TABLE 1. THE PERCENT PROTEIN, PERCENT FAT, AND GROSS CALORIES 
PER 100 GM. OF HYPOTHETICAL RATIONS, AND CALCULATED 
DIGESTIBLE ENERGY VALUES 

















Ration proximate Percent 

composition ® Dig. Cal. 

Dig. Cal. a=- 

Percent Percent Gross Cal.» Percent Percent per gm. Percent 
protein fat per100gm. _ Dig. Cal.¢ TDN TDN TDN 
10 3 450 72.4 73.4 4.43 .986 
15 S 457 1332 74.1 4.50 .988 
20 3 463 74.2 74.9 4.58 991 
25 3 470 ak pe | 4.68 .993 
30 3 477 76.0 76.4 4.74 995 
10 6 465 73.0 76.7 4.42 .952 
10 9 480 1335 80.0 4.40 .919 
10 12 495 74.0 83.3 4.38 -888 
10 15 510 74.5 86.6 4.38 .860 
10 18 525 74.8 89.9 4.38 .832 
15 6 471 74.0 77.4 4.49 .956 
15 9 487 74.2 80.7 4.47 .919 
15 12 502 74.7 84.0 4.45 .889 
15 15 517 7531 87.3 4.43 .860 
15 18 532 75.4 90.6 4.42 .832 
20 6 478 74.6 78.2 4.56 .954 
20 9 493 tao 81.5 4.54 .920 
20 12 508 75.0 84.8 4.52 . 884 
20 15 523 75.6 88.1 4.50 .858 
20 18 538 76.1 91.4 4.48 .833 
25 6 485 75,3 79.0 4.63 .952 
25 9 500 75.8 82.3 4.61 921 
25 12 515 76.3 85.6 4.59 .891 
25 15 530 76.6 88.9 4.57 862 
25 18 545 77.0 92.2 4.54 835 
30 6 492 76.2 79.7 4.71 956 
30 9 507 76.8 83.0 4.68 .925 
30 12 522 77.0 86.3 4.66 .892 
30 15 537 Tie 89.6 4.63 .862 
30 18 552 11.6 92.9 4.61 -835 





@ Balance of dry matter—Ash 2%-+carbohydrate by difference. 
b Heats of combustion—5.65, 9.3 and 4.3 from protein, fat and carbohydrate, respectively. 
© Digestion coefficients (%) taken as 85, 80 and 70 for protein, fat and carbohydrate, respectively. 
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calories in 100 gm. of feed to the “% TDN. Finally, the ratio of % digesti- 
bility of Calories to % TDN was calculated. These data are shown in 
table 1. 

Examination of these data revealed that the ratio of % digestibility of 
calories to % TDN was essentially constant with varying protein levels, 
but decreased with increasing fat. This merely meant that increasing fat 
at the expense of carbohydrate in the ration increased the calculated 
% TDN faster than occurs factually. It was also evident that this ratio 
could be predicted by simple regression, using % fat as the independent 
variable. 

Given this ratio and % TDN, the % digestibility of calories and the 
caloric value of TDN could be calculated according to the following equa- 
tions: 

% Digestibility of Cal. ae 
—G% TDN -=c+b (% fat) (2) 
% Digestibility of Cal.=% TDN X[c+b (% fat) ] (3) 
whence 


(Gross Cal. per 100 gm. feed) * (% TDN) X[c+b (% fat) ] 


Cal. per gm. TDN= — % TDN (4a) 





To obtain the numerical value for the two constants it was merely 
necessary to calculate from the data of table 1 the simple regression of 
the ratio of % digestibility of calories to % TDN (col. 7) on % fat (col. 2). 
The values were: 

b=—0.0105 
c=L018 
Inserting these values in their appropriate places and simplifying terms led 
to the final prediction equation: 
% ProteinX 5.65 


Cal. per gm. TDN= ts Fat 9.3 | X[1.018—0.0105 (% fat) ] (4b) 
\% CH:O x4.3 | 


Biological Proof 


It now remained to apply this equation to actual feeding trial data 
where proximate analyses, TDN, and bomb calorimeter values were avail- 
able. During the past year we designed a digestion trial where 14 lots of 
8 pigs each were fed four series of rations in which, through feed selection, 
protein and fiber levels were increased simultaneously; or protein levels 
increased with no increase in fiber; or protein levels decreased with in- 
creasing fiber; and finally, in which decreasing protein was accompanied 
by decreasing fiber. The caloric value of TDN was computed from the 
experimental data of this test, and compared with values calculated by our 
prediction formula from the protein, fat and carbohydrate and the TDN 
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figures of the 14 diets. Table 2 shows the results. Included also are results 
from our laboratory of two sheep tests. In the latter, one ration was hay 
and the other hay plus mixed grain. These were the only data in our 
laboratory suitable to use in testing the prediction equation. 


Results 


The agreement between determined and predicted calorie values of 
the TDN of moisture-free rations is quite good, though it tends to be 
slightly greater than the “observed” experimental figures. This could 


TABLE 2. EXPERIMENTALLY DETERMINED VS. FORMULA-COMPUTED 
CALORIC VALUES FOR THE TDN OF MOISTURE-FREE RATIONS 

















Ration makeup Dig. Cal. per gm. TDN 
Percent 

Species Protein Fat Fiber TDN Experimental Computed 
Swine 9.6 4.3 1.6 95 4.45 4.47 
8 pigs 11.7 o.9 Ras 89 4.47 4.47 
per lot 13.8 3.6 5.0 83 4.50 4.47 
15.9 Ee 6.7 75 4.43 4.46 
127 4.2 2.0 93 4.47 4.48 
13.9 4.1 2:5 92 4.48 4.49 
16.0 4.0 330 90 4.49 4.50 
10:5 4.0 ous 88 4.40 4.47 
i OP oat 5.20 81 4.45 4.46 
12.4 3.4 6.6 74 4.47 4.45 
8.8 2.3 9.6 79 4.53 4.58 
11.0 ks | Ae 85 4.56 4.59 
13.4 3.8 4.9 90 4.56 4.62 
1547 4.6 ie 95 4.60 4.64 
14.1 7.6 1.4 97 4.49 4.49 
Sheep Y IA Lz 41.6 51 4.38 4.40 
9.8 2.0 31.8 58 4.40 4.43 





arise from a persistent error in calorimeter determinations which might 
have occurred, or from an error in the assumed heats of combustion used in 
computing the hypothetical example. 

It will be noted that coloric value of TDN is not a constant, though 
it averages very close to the suggested value of 4.50 Cal. per gram of TDN. 
Therefore, it would seem probable that somewhat more accurate estimates 
would be obtained by computing from the formula than could be expected 
from use of an average figure. The constants we have suggested may 
require modification when more extensive data are available. Nevertheless, 
we believe this procedure is an acceptable solution of the problem of con- 
verting older TDN data to terms of digestible calories. 








INTERRELATIONS BETWEEN DIGESTIBLE NUTRIENT AND 
ENERGY CONTENT, VOLUNTARY DRY MATTER INTAKE, 
AND THE OVERALL FEEDING VALUE OF FORAGES ? 


E. W. CRAMPTON ? 
Department of Nutrition, Macdonald College (McGill University), Canada 


je work thus far reported, aimed at establishing some index of the 
overall feeding value of forage, has been disappointing. There are so 
many differences in the nutrient makeup of different samples of a single 
forage, to say nothing of different forages, that it seems almost hopeless 
to arrive at a workable descriptive scheme based on detailed chemical 
analyses of their nutrient contents. Nutritionists have also been disillu- 
sioned of the value of the proximate analysis in this regard. All of these 
composition data may be informative, but quantitatively none of it con- 
sistently correlates with significant animal performance criteria. 

However, there is one response shown by animals to different forage 
samples of which every lievstock feeder is well aware, and which is related 
to his practical estimate of the quality of that forage. It is the extent 
of its voluntary intake. Present evidence does not indicate that the amount 
of a forage which will be eaten by an animal depends on any specific or 
fixed pattern of its nutrient composition. We felt, therefore, that it might 
be worthwhile to seek through a somewhat different line of reasoning the 
causes of such differences in preference. The studies herein outlined are 
still in progress, but we believe data accumulated to date support the 
hypothesis on which we are proceeding. Our two initial postulates are: 
Firstly, that the nutrients in a ration, and hence in a feed which may 
constitute the entire ration, are required individually in some minimum 
ratio to the available energy furnished by that ration. 

If this is not true, then the tabulation into feeding standards of require- 
ments for the adequate nourishment of livestock, rests on a false premise. 
Physiologically many of the nutrients function as parts of enzyme systems 
or as metabolic catalysts in energy transfer, and hence are keyed to 
energy intake. Others, as calcium and the fat soluble vitamins, appear to 
be required in proportion to size of animal and so, indirectly, are also 
quantitatively related to energy intake. In any case, where a single feed 
constitutes the entire ration, as in the case of forage, or where allocations 
of the same meal mixture are fed to several animals, the nutrients ingested 
are consumed in fixed proportion to the energy intake. 

1 Contribution from the Faculty of Agriculture, McGill University, Macdonald College, Que., 
Canada. Journal Series No. 405. 

2 Pasture Series No. XXXII. The research relative to forage evaluation at Macdonald College 


is a continuing project of our Pasture Committee and is assisted financially by the Quebec Provincial 
Research Council. 
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Secondly, that most edible “whole plant” forage contains a concentra- 
tion of nutrients which is adequate in relation to the digestible energy it 
also supplies. 

This second postulate is supported by comparison between the published 
analytical data for forages and the maintenance requirement figures in 
feeding standards for cattle. Our comparison included only protein, cal- 
cium and phosphorus, since in the case of ruminants amino acids and the 
B-vitamins need not be considered in ration formulation; data for the 
trace mineral elements, copper and molybdenum, are incomplete at the 
present time; and problems of iodine and cobalt are geographic in im- 
portance. 

The requirements for energy and for nutrients, protein, calcium and 
phosphorus, were taken from the 1956 U. S. National Research Council 


TABLE 1. CONCENTRATIONS, RELATIVE TO TDN, OF PROTEIN, CALCIUM 
AND PHOSPHORUS IN FORAGE VS. THAT CALLED FOR IN FEEDING 
STANDARDS FOR DAIRY COW MAINTENANCE 











Crude 
protein Calcium Phosphorus 
Maintenance, 1000 lb. cow 11% .22% .28% 
Found in TDN of: 
13 kinds dry hay 19% 1.24% -42% 
23 kinds pasturage 28% 1.30% 57% 
Probable occurrence of a forage having hay 1in8 1in8 1 in 40 
a relative nutrient deficiency at P=.05 pasturage 1in40 1in8 1in8 





Feeding Standards for Dairy Cattle. The composition data for one group 
of forages include that for 15 common American crops harvested as hay, 
and for a second group, 23 green forages frequently used as pasturage. 

For each of these 36 forages and for the Feeding Standard requirement 
figures, the protein, calcium and phosphorus were calculated per 100 units 
of TDN. In the case of the forages the resultant figures were subjected 
to statistical analysis to establish the probable frequency with which one 
might expect to encounter a forage which, relative to TDN, would carry 
a concentration of one or other of these nutrients lower than called for in 
Feeding Standards. The data are given in table 1. 

Because of the variability in composition between forage samples, the 
data of table 1 can be taken only as indicative. Climatic and soil fertility 
conditions during growth, maturity at harvest, and conditions of harvesting 
are all involved in the “average” figures published. Nevertheless, these 
data suggest that, relative to the average TDN which these forages yield 
to cattle, the three nutrients, protein, calcium and phosphorus, tend to be 
present in forages in concentrations equal to or greater than are indicated 
by Feeding Standards to be necessary for cattle maintenance. The obvious 
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conclusion is that, broadly speaking, available energy, rather than some 
specific nutrient, is the fundamental limiting factor in the nutritive value of 
forage. 

Normal Consumption of Hay by Cattle. Huffman (1939), in reviewing 
the matter of hay and silage consumption by cattle, notes that they will 
consume more of better than of poorer grades, and proposes that dairy 
cows should readily consume of “good quality” hay about 3.0 Ib. daily per 
100 lb. body weight. In practice differences in the quantities of different 
forage samples which cattle will consume may be great enough to be of 
practical importance. An hypothetical example (table 2) will illustrate. 


TABLE 2. THEORETICAL ADEQUACY FOR MILK PRODUCTION BY DAIRY 
COWS OF THREE HYPOTHETICAL FORAGES 








Forage Forage Forage 





I II Ill 
Anaiysis of forage 
Crude protein, % 7.0 6.0 6.0 
Phosphorus, % 3 2 ay 4 
TDN, % 52.0 48.0 48.0 
Daily forage intake, lb. 25 15 25 
Theoretical limit of milk 
production because of: protein intake, lb. 18 2 13 
phosphorus intake, Jb. 34 5 17 
TDN intake, lb. 15 0 12 





These figures illustrate the basis for our contention that in most cases 
intake level is of greater significance in the economics of forage feeding 
than is either nutrient or useful energy concentration; and, also, that 
energy is the first limiting factor in the nutritive value of forage. In other 
words, if a forage is consumed in amounts to meet energy needs, it will 
normally also meet the needs with respect to protein, calcium, and phos- 
phorus. 

Cases involving copper, molybdenum, cobalt, or iodine, where they arise, 
can be dealt with by specific ration amendment; but when they are cor- 
rected, the energy problem still remains. 


Experimental 


To obtain information on what factors determine the extent of voluntary 
forage consumption by ruminant animals, we are currently conducting 
studies with adult sheep. Data are available from one series of these tests 
and are reported herewith. 

Five 2-year old purebred Cheviot ewes were confined in digestion stalls 
and fed ad libitum in a 55 latin square design of test, for periods of 
60 days on each of five dry forages. Daily records of forage intake and of 
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TABLE 3. VOLUNTARY CONSUMPTION AND PARTIAL COMPOSITION OF 
FORAGES FED TO SHEEP IN 60-DAY TRIALS 








Percentage composition 








Relative Daily 
Feed gain intake Protein Fiber Lignin Phos. 
Trefoil 100 2.50 15 35 12 20 
Clover 81 2,38 16 26 12 pe | 
Brome 45 1.42 9 36 9 123 
Timothy 33 1.08 6 35 8 14 
Straw 0 .56 2 42 8 .08 


daily urine and feces excretion were kept. Forages used were Birdsfoot 
Trefoil, Red Clover, Brome Grass, Timothy, and Oat Straw. 

All of the hays were in full bloom when cut. The brome grass was rained 
on in the swath shortly following cutting. All forages were cured on tripods 
(except the straw); chopped with a commercial forage chopper; and 
bagged for storage until required for feeding. As fed, the five materials 
would be typical of average farm quality hay or straw of the plant species 
involved. Table 3 and 4 give a summary of pertinent data. 

The figures in table 3 indicate how little relationship there may be 
between any of the chemical entities of forage and its voluntary intake by 
sheep. The figures of table 4 lend no support to the idea that completeness 
of digestion is necessarily related to the acceptability of a given forage 
as measured by its voluntary consumption, or to the gain of the animal 
fed. 

Table 5 presents the simple correlations that have so far been calculated 
between the various chemical and/or biological data. Only the correlation 
between forage intake and percentage of Jignin, and that between digesti- 
bility of calories and percentage of protein is significant at the 5% point. 

The digestibility of the energy might well be related to percent protein, 
since the latter is related to leafiness and to maturity when cut, as well as 
being an important energy-yielding component itself; but it is hard to 


TABLE 4. DIGESTIBLE CALORIE INTAKE, RELATIVE GAIN, AND EXTENT 
OF DIGESTIBILITY OF FORAGE FRACTIONS BY SHEEP 








Percentage disability of 








Dig 
Relative kcal. Dry 
Feed gain intake matter Protein Fiber kcal. 
Trefoil 100 3100 61 67 59 59 
Clover 81 2900 61 62 53 60 
Brome 45 1650 58 55 67 56 
Timothy 33 1225 56 43 60 54 


Straw 0 565 53 0 62 49 
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interpret as simple cause and effect the evidence that the more lignified 
the forage the more acceptable the feed! ! It is probable that unequal dis- 
tribution of lignin through the dry matter of the forage is involved. 

In our view the more significant effect of lignification is on the rate of 
forage digestion rather than its possible relation to the proportion of the 
dry matter ultimately digested. There is general agreement that lignifica- 
tion is associated with reduced cellulose digestion (Huffman, 1953), and 
in our own experience the most abundant material recovered from the 
rumen, or found in the feces of sheep subsisting entirely on forage, con- 
sists of lignified particles. Such particles show physical evidence of unsuc- 


TABLE 5. SIMPLE CORRELATION COEFFICIENTS * 








Simple correlation 





(r) 
Voluntary consumption and digestibility of: Dry matter .79 
Protein a3 
Fiber —.44 
Calories s13 
Lignin .98* 
Digestibility of fiber and % fiber 61 
Digestibility of kcal. and % protein .90 





* Necessary for significance at 5%—0.81. 


cessful or incomplete bacterial attack (Drapala, 1946; Steppler, 1948). 
Extensive but slight lignification may hamper the rate of digestion of the 
total forage more than heavy lignification of restricted portions. 

Other conditions also affect rate of rumen digestion. Since 1949 several 
groups of workers have reported that rate and completeness of cellulose 
digestion of low-grade roughages by ruminant animals can be increased 
by providing rumen microorganisms with adequate nitrogen and mineral 
elements, some or all of which may be deficient in such feeds. Indeed, 
alfalfa hay has been successfully replaced as the sole roughage in the 
fattening steer rations by ground corn cobs plus a special mineral supple- 
ment (Burroughs, e¢ al., 1949-50; Bentley e¢ al., 1951; Clark et al., 1951; 
Geurin et al., 1955; Beeson and Perry, 1955). 

This leads directly to the thesis that rate of digestion of forage is in- 
hibited by anything that represses microflora activity. Rate of its diges- 
tion could be related to voluntary forage intake through its effect on fre- 
quency of recurring appetite. Retardation of cellulose digestion must mean 
that such material remains longer in the rumen. The more quickly ingesta 
moves out of the gastric structures, the sooner hunger recurs and thus the 
more food eaten over a given period of time. Herein we believe lies the 
clue to the observed differences in voluntary roughage consumption. 


a 2 
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Conclusions 


It will be in order to conclude this paper with a concise statement of an 
hypothesis concerning the feeding value of forages that we have formulated 
from consideration of information typified in the foregoing paragraphs. 
It is as follows: 

The feeding value of a forage depends primarily on the magnitude of 
its contribution toward the daily energy need of an animal. Differences 
in this respect between forages are almost completely a consequence of 
the relative amounts in which they are voluntarily consumed. 

The extent of the voluntary consumption of a forage (i.e. its apparent 
acceptability) is limited primarily by rate of digestion of its cellulose and 
hemicellulose, rather than by contained nutrients, or the completeness of 
their utilization. 

Rate of digestion may be retarded by any one of numerous circumstances 
which interfere with the numbers or activity of rumen microflora. These 
include: excessive lignification from advanced maturity of forages, partial 
starvation of flora from nitrogen or specific mineral deficiency, or from 
the presence, in excess of bacteriostatic agents. 

Excepting toxic elements, as fluorine, selenium, molybdenum, or 
cyanogens, surpluses of minerals as found in forage are innocuous. De- 
ficiencies of calcium or phosphorus from low soil fertility; of iodine, copper, 
or cobalt as seen in defined geographic areas; or of carotene, can be 
eliminated by specific ration supplementation. The vitamins, other than 
Vitamin A, can be disregarded as influencing the value of forage. 

A practical numerical rating of feeding value might be given to a forage 
by expressing its voluntary daily consumption as a percentage of a 
“normal” or “expected” value of 3.0 lb. (dry weight) per 100 Ib. of live 
weight of animal. 
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THE LYSINE REQUIREMENT OF THE PIG FROM TWO TO SIX 
WEEKS OF AGE 
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N recent years a great deal of emphasis and attention has been focussed 

on weaning of pigs at an early age. From the nutritional point of view, at 
least, it has been made abundantly clear that this can be done successfully. 
However, information is still lacking on many of the minimum nutrient 
requirements of the very young pig. 

All available evidence indicates that the requirement for protein and/or 
amino acids is greatest during the early stages of growth. For example, 
Reber et al. (1953) employed a vitamin-extracted casein as the sole source 
of protein and reported that a ration containing 41% crude protein pro- 
duced maximum weight gains and feed efficiency for the very young pig; 
whereas a 20% protein diet appeared to be adequate for pigs eight weeks 
of age. Sewell e¢ al. (1953a), using a vitamin-extracted caesein and an 
isolated soybean protein, reported that 32% protein promoted the fastest 
gains and the most efficient feed utilization, but diets containing 24 and 
28% protein gave satisfactory results. Becker et al. (1954) using the 
equal-feed technique, found that the pig from 1 to 4 weeks of age required 
22% of milk protein; whereas the pig from 5 to 9 weeks of age performed 
as satisfactorily on 12% of milk protein as on higher levels. Employing the 
method used by Harte and Travers (1947) and Mitchell (1950), Becker 
et al. (1954) estimated that lysine supplied at levels of 1.42 and 0.72% of 
the diet was adequate for pigs 1 to 4 weeks and 5 to 9 weeks of age, re- 
spectively. 

Sewell e¢ al. (1953b) found that maximum growth and feed efficiency 
occurred in the young pig when threonine was supplied as 3.6% of the 
dietary protein. Beeson et al. (1953) reported that the threonine require- 
ment of the weanling pig was 3.0% of the dietary protein. 

This investigation was conducted to determine the minimum lysine re- 
quirement of the pig from two to six weeks of age. 


Experimental 


The composition of the basal ration is shown in table 1. The lysine con- 
tent of the basal diet was determined by microbiological assay, using the 
method of Henderson and Snell (1948). Supplementary lysine was added 

1The authors wish to acknowledge the Dow Chemical Company, Midland Michigan; Merck & 
Company, Rahway, New Jersey; American Cyanamid Comnany. Pearl River, New York; Commercial 


Solvents Corporation, Terre Haute, Indiana and Midwest Dried Milk Company, Dundee, Illinois for 
funds and products which made this study possible. 
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as DL-lysine monohydrochloride in the amounts shown in table 2. The 
N content of the basal ration was determined by the Kjeldahl-Wilfarth- 
Gunning method, using mercury as a catalyst. Two replicates of 30 pigs 
each were used in this experiment. The interval between the start of repli- 
cates 1 and 2 was 12 days. The animals were of crossbred and Duroc 
breeding, and they were approximately 2 weeks of age and averaged 9.5 Ib. 


TABLE 1. COMPOSITION OF THE BASAL RATION ® USED TO DETERMINE 
THE LYSINE REQUIREMENT OF THE PIG FROM 
TWO TO SIX WEEKS OF AGE 











Component Amount 
Dried skim milk 10.0 Ib. 
Sesame oil meal 23:0:* 
Dried whey 20:* 
Cerelose 25.0) ** 
Corn starch S253 
Corn oil 2-0 = 
Wheat germ oil 20 * 
Dicalcium phosphate 2:5)" 
Mineral mixture #1” B21 * 
Iodized salt ps. * 
Choline chloride 20.0 gm. 
DL-methionine 50:0 * 
Vitamin A and supplement ¢ iso * 
Procaine penicillin 1:2 
Chlortetracycline 24.° 
Vitamin mixture #374 + 





a Contained 14.25% crude protein (nX6.25) and 0.525% L-lysine, by analysis. Calculated to 
contain 81% total digestible nutrients. 

> The composition of mineral mixture #1 was as follows in percent: MgCOs, 68.60; FeSOs-7H20, 
20.0; MnSO«-H2O, 6.0; CoCle-6H2Q, 2.0; CuSO, 2.0; NaF, 0.4; ZnCOs, 0.8 and KI, 0.2. 

¢ Contained 4,000 I.U. vitamin A and 500 U.S.P. units vitamin D per gram. 

4 Additions to each pound of feed were as follows: Thiamine HCl, 0.5 mg.; riboflavin, 1.4 mg.; 
nicotinic acid, 5.0 mg.; calcium pantotherate, 4.5 mg.; pyridoxine HCl, 0.6 mg.; folic acid, 0.35 
mg.; inositol, 90.0 mg.; p-amino benzoic acid, 10.0 mg.; biotin, 0.03 mg.; and vitamin Biz, 5.0 mg. 


The pigs were allotted at random to the six treatments from outcome 
groups of 6 pigs each. These outcome groups were formed on the basis of 
ancestry, condition and body weight. The pigs were housed in groups of 
five, in concrete pens which were 10x4 ft. Each pen was provided with a 
baby-pig self-feeder, a self-waterer and a wooden overlay for the pigs. 
A heat lamp was suspended above the wooden overlay until the pigs were 
five weeks of age. The pigs were self fed the dry ration throughout the test 
period of 28 days. 


Results 


Most of the pigs commenced to eat the dry feed on the second day on test. 
No complication and no evidence of diarrhea or any digestive disorder 
was observed, but for the first week the pigs only maintained their weight.. 
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TABLE 2. AVERAGE DATA FOR PIGS RECEIVING VARIOUS LEVELS OF 
LYSINE IN THE DIET 








Lysine level, % 





Added DL 0.00 0.20 0.40 0.60 0.80 1.00 

Total L 0.525 0.625 0.725 0.825 0.925 1.025 
Replicate 1 
No. of pigs 5 5 5 5 5 5 
AV. initial wt., Ib. 9.9 10.2 10.2 9.9 10.4 9.6 
Av. final wt., lb. 13.4 15.3 7:5 21.8 24.5 vA Re 
Av. daily gain, lb. 0.12 0.18 0.26 0.42 0.50 0.41 
Av. daily feed intake, Ib. 0.66 0.67 0.77 0.92 0.93 1.06 
Av. feed per lb. gain, Ib. 5.50 3:72 2.96 B49 1.86 2.58 
Replicate 2 
No. of pigs 5 5 5 5 5 5 
Av. initial wt., Ib. 8.7 8.7 8.5 9.3 9.3 9.0 
Av. final wt., lb. 117 12:2 12.7 17.0 20.3 19.7 
Av. daily gain, lb. 0.11 0.12 O.15 0.28 0.39 0.38 
Av. daily feed intake, lb. 0.49 0.55 0.59 0.78 0.87 0.92 
Av. feed per Ib. gain, Ib. 4.45 4.58 3.93 2.78 2:23 2.42 





From the data in table 2 and the statistical analysis of the results presented 
in table 3 it is clear that supplementation of the basal ration with lysine sig- 
nificantly increased (P<0.001) rate of gain. A straight line fitted by the 
method of least squares through the points of submaximum growth pla- 
teaued when the lysine in the diet reached a level of 0.935%. Further, lysine 
additions markedly increased feed consumption and efficiency of feed 
utilization. Levels of lysine higher than 0.935% failed to yield any im- 
provement either in rate of gain or in feed utilization. 


Discussion 


Rothstein et al. (1953) and Berg (1936) showed that D-lysine could 
not be utilized for growth in the rat. Totter and Berg (1939) reported 
similar findings with mice. Schweet et al. (1953) used radioactive C14-lysine 
and found that D-lysine is not incorporated into tissue protein. It was 
assumed, therefore, that the D isomer did not contribute any available 
lysine in this study. 


TABLE 3, ANALYSIS OF VARIANCE OF FINAL WEIGHTS ADJUSTED TO 
EQUAL INITIAL WEIGHT 











Source of variation d/f Mean square 
Replications (R) 1 28.39* 
Groups G (in R) 8 6.35 
Levels of amino acid (L) 5 141.04** 

RXL 5 5.33 

GXL 39 4.002 





™ P<0.05; ** P<0,001. 
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The results presented here indicate that the young pig, from two to six 
weeks of age, requires no more than 0.935% L-lysine in a diet containing 
14.25% protein, equivalent to 6.6% of the dietary protein. Becker e¢ al. 
(1954) estimated that the lysine requirement of the young pig, from 1 to 
4 weeks of age, did not exceed 1.42% of the diet or 6.45% of the dietary 
protein. Brinegar et al. (1950) reported the L-lysine requirement of the 
weanling pig to be 0.6% when fed a ration containing 10.6% crude pro- 
tein, and 1.2% when the ration contained 22% protein. These values 
correspond to 5.7 and 5.5% of the dietary protein in the 10.6 and 22% 
protein rations, respectively. Shelton e¢ al. (1951), using a ration which 
contained 10% gelatin, found the lysine requirement of the weanling pig 
to be 4.2% of the protein. Unpublished work by the senior author showed 
that the lysine requirement of the weanling pig was no greater than 0.52% 
of the diet or 4.4% of the dietary protein. Kratzer et al. (1956) showed 
that the lysine requirement, as a percentage of the protein, is 4.75 for 
poults up to 4 weeks of age and decreases to 4% at 14 weeks of age. 
Similarly, Mitchell (1947) was unable to improve the utilization of the 
proteins of white flour by the adult rat by additions of supplementary 
lysine and observed “That animals, preponderantly in the anabolic phase, 
require more lysine than those in N-equilibrium”. Mitchell (1950) again 
dealing with the effects of age on amino acid requirements stated ‘The 
different types of anabolic reactions occurring in the growing and in the 
adult organism with reference to the disposal of dietary amino acids lead 
inevitably to the conclusion that the amino acid requirements of infancy 
and adolescence, on the one hand, and of maturity on the other hand, are 
different either in the assortment of amino acids that are required pre- 
formed in the diet, or in the relative amounts that are needed, or both’. 

The lysine data reported here for pigs from two to six weeks of age 
when compared to the lysine requirements reported for weanling pigs, 
gives support to the view that an increase in age is accompanied by a 
decrease in need for lysine. 


Summary 


Pigs averaging approximately 9.5 lb. were used to determine the lysine 
requirement. A semi-purified diet formulated largely from dried skim milk, 
sesame oil meal, cerelose and corn starch, and containing 14.25% crude 
protein was used. DL-lysine monohydrochloride was added to supply 
rations containing the following amounts of L-lysine, in percent: 0.525, 
0.625, 0.725, 0.825, 0.925 and 1.025. 

Additions of DL-lysine significantly increased rate of gain and feed 
efficiency. It was found by calculations that the L-lysine requirement for 
pigs of this age and size does not exceed 0.935% of the diet when fed 
rations containing 14.25% protein and calculated to contain 81% total 
digestible nutrients. 
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THE LYSINE REQUIREMENT OF THE WEANLING PIG 
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SBORNE and Mendel in 1914 showed that lysine was essential for the 

growth of the young white rat. In addition lysine has been proved to 

be essential for the adult dog (Rose and Rice, 1939), the young mouse 

(Bauer and Berg, 1943), and adult men (Rose, 1947). Mertz et al. (1949) 

demonstrated that lysine was essential for the growth and development of 
the weanling pig. 

Brinegar et al. (1950) reported the L-lysine requirement of the weanling 
pig to be 0.6% when fed a ration containing 10.6% protein, and 1.2% 
when fed a ration containing about 22% protein. These values correspond 
to 5.7 and 5.5% of the dietary protein in the 10.6 and 22% protein 
rations, respectively. 

Shelton e¢ a/. (1951), using a ration which contained 10% gelatin, found 
the lysine requirement of the weanling pig to be 4.2% of the ration protein. 
Becker e¢ al. (1954), using the approach of Harte and Travers (1947) and 
Mitchell (1950) to estimate amino acid requirements, reported that the 
lysine requirement of the pig from 5 to 9 weeks of age did not exceed 0.72% 
when fed a 12% milk protein diet. 

Pfander and Tribble (1955) were unable to get an improvement in 
growth when they added supplementary lysine to 18, 16 and 14% protein 
rations which contained 0.85, 0.72 and 0.60% lysine, respectively. Simi- 
larly, Meade (1956) obtained no improvement in N retention when he 
supplemented with L-lysine a 15.9% protein diet containing 0.69% lysine. 

Evidence presented by Grau (1948) and Almquist (1949) with the 
chick, and Brinegar e¢ al. (1950) with the pig indicates that the level of 
protein in the diet influences the lysine requirement. Therefore, in order 
to minimize this protein effect, a ration was formulated which was designed 
to contain approximately 12% protein, the level considered by Becker 
et al. (1954) to be the minimum amount that would support normal growth 
in the weanling pig. 


Experimental 


Thirty-six crossbred pigs averaging 35 lb. were assigned to the treatments 
at random from outcome groups formed on the basis of ancestry, body 
weight and general condition. The animals were housed in three concrete 


1 The authors wish to acknowledge E. I. du Pont de Nemours & Co., Wilmington, Delaware; The 
Dow Chemical Co., Midland, Michigan; Merck & Co., Rahway, New Jersey, Commercial Solvents 
Corporation, Terre Haute, Indiana, and American Cyanamid Co., Pearl River, New York for funds. 
and products which made this study possible. 
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TABLE 1. COMPOSITION OF BASAL DIET ® USED TO DETERMINE THE 
LYSINE REQUIREMENT OF THE WEANLING PIG 











Ingredient Amount 
Ground yellow corn 30.0 ]b. 
Sesame oil meal 20:0:-* 
Corn starch 36.0°“ 
Cerelose 10.0“ 
Ground limestone Lo” 
Dicalcium phosphate 10" 
Mineral mixture #1» i 
Salt os © 
Vitamin A and D supplement ¢ 18.0 gm. 
Procaine penicillin Ree 
Chlortetracycline 2.4" 
DL-tryptophan 10:0. “ 
L-histidine 5:0)“ 
DL-methionine 50.0.“ 
Vitamin mixture #374 “p 





a Basal diet contained 11.69% protein, (NX6.25) 0.32% lysine, and calculated to contain 
1362 calories of metabolized energy per Ib. 

b> The composition of mineral mixture #1 was as follows, in percent: MgCOs, 68.60; FeSOs-7H20, 
20.0; MnSO«-H20, 6.0; CoCle-6H20, 2.0; CuSOs, 2.0; NaF, 0.4; ZnCOs, 0.8, and KI, 0.2. 

¢ Contained 4,000 I.U. vitamin A and 500 U.S.P. units vitamin D per gram. 

4 Additions to each pound of diet were as follows: thiamine HCl, 0.5 mg.; riboflavin, 1.4 mg.; 
nicotinic acid, 5.0 mg.; calcium pantothenate, 4.5 mg.; pyridoxine HCl, 0.6 mg.; folic acid, 0.35 
mg.; inositol, 90.0 mg.; p-amino benzoic acid, 10.0 mg.; biotin, 0.03 mg.; and vitamin Biz, 5.0 mcg. 


pens of 12 pigs each. Each pig had access to an individual feeding crate 
twice daily. They were fed all they would consume at each of these two 
feedings. Water was supplied by automatic drinking bowls and was avail- 
able at all times in the three pens. 

The composition of the basal ration is shown in table 1. The lysine con- 
tent of the basal diet was determined by microbiological assay, using the 
method of Henderson and Snell (1948). Lysine was added as 92% L-lysine 
mono-hydrochloride in the amounts shown in table 2. The experimental 
period was 21 days. 


TABLE 2. AVERAGE DATA FOR PIGS RECEIVING VARIOUS LEVELS OF 
LYSINE IN THE DIET 








Lysine level, % 





Added (L) 0.00 0.10 0.20 0.30 0.40 0.50 

Total (L) 0.32 0.42 0.52 0.62 0.72 0.82 
No. of pigs 6 6 6 6 6 6 
Av. initial wt., lb. 33.6 34.1 3550 35.8 36.1 36.2 
Av. final wt., Ib. 45.5 49.2 56.9 S72 57.4 58.2 
Av. daily gain, Ib. 0.57 0.72 1.04 1.02 1.01 1.05 
Av. daily feed intake, Ib. 1.98 2.31 2.78 2.75 2.62 2ut5 
Av. feed per Ib. gain, Ib. 3.47 S528 2.67 2.70 2.59 2.62 
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Results and Discussion 


The results of this experiment, shown in table 2, reveal that supple- 
mentary levels of lysine increased rate of gain and feed efficiency. Pigs 
fed the ration containing 0.52% L-lysine made significantly faster gains 
than those on the lower lysine levels (P<.0.01). Similarly, feed efficiency 
was at a maximum when the diet contained 0.52% L-lysine. It is clear 
from the data that the addition of more than 0.20% L-lysine did not sig- 
nificantly increase rate of gain or feed efficiency. It should be noted that 
this satisfactory rate of gain of over 1 lb. per day on the lysine-adequate 
rations was obtained with rations which contained 11.69% crude protein. 
This indicates that the recommended level of protein, 16% for a 50 lb. 
weanling pig, can be lowered appreciably if the amino acids are supplied 
in the proper proportions. 


TABLE 3. MEAN SQUARES OF FINAL WEIGHT AND FINAL WEIGHTS 
ADJUSTED FOR EQUAL FEED CONSUMPTION 











Adjusted 
Source of variation d/f Mean sqaure d/f mean square 
Lysine levels (L) 5 140°" 5 ps8 
Outcome groups 5 50** 5 {s-2"" 
Error (LXG) 25 12 24 2.3 











“P<0.05; ** P<Oal. 


The results of this experiment are in good agreement with the findings 
reported by Becker ef al. (1955) who failed to get any improvement in 
growth from the addition of L-lysine to a 12.4% protein diet which con- 
tained 0.54% L-lysine. This value of 0.52% of the diet as L-lysine re- 
ported here represents 4.4% of the dietary protein. 

Several research workers have referred to the poor appetite displayed 
by animals fed diets containing suboptimal amounts of essential amino 
acids. Almquist (1954) reported, “When one indispensable amino acid is 
not supplied in sufficient quantity, the synthetic process must slow down 
or stop. When such accumulation happens, there is most probably an auto- 
matic impairment of appetite designed to curtail the further ingestion of 
protein.” Frazier et al. (1946) showed that the omission of any one of the 
essential amino acids led to a decrease in feed intake. 

It is clear from the feed consumption data in table 2 that the pigs fed 
rations containing 0.32 or 0.42% lysine had markedly depressed feed in- 
takes. However, feed consumption alore did not explain the differences in 
growth rate. When differences in feed consumption were removed by co- 
variance analysis (table 3), the additions of lysine still significantly in- 
creased rate of gain (P<0.05). 
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Summary 


Weanling pigs averaging approximately 35 lb. were individually fed 
for 21 days semi-purified rations containing 0.32, 0.42, 0.52, 0.62, 0.72 
and 0.82% L-lysine. It was shown that 0.32 and 0.42% lysine were inade- 
quate for optimal performance, while diets containing 0.52 to 0.82% 
L-lysine all gave essentially the same rate and efficiency of gain. This 
minimum requirement of 0.52% L-lysine was established using rations 
which contained 11.69% crude protein and 1362 calories of metabolizable 
energy per Ib. 
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COMPARISON OF FREE-CHOICE AND COMPLETE RATIONS FOR 
GROWING-FINISHING PIGS ON PASTURE AND DRYLOT 


H. D. HuTcuHInson, S. W. TERRILL, A. H. JENSEN, D. E. BECKER AND 
H. W. Norton ! 


Illinois Agricultural Experiment Station, Urbana 


HE ultimate aim of swine nutritionists is to design an economical ration 
which will support satisfactory performance yet at the same time pro- 
duce good quality pork. The reports by Carmichael and Eastwood (1912), 
Robison (1920), and Lassiter et al. (1955) indicate that the protein require- 
ment for pigs on pasture is less than for pigs on drylot. There is little 
evidence in the literature to indicate an economical advantage in feeding 
complete mixed rations instead of free-choice rations of shelled corn and 
protein supplement to growing-finishing pigs. For example, Warner and 
Meade (1954) were unable to demonstrate any advantage in feeding a 
complete mixed ration over a free-choice ration when a palatable protein 
supplement of good quality was used. 
The two experiments reported herein compare the performance of dif- 
ferent breeding groups of growing-finishing pigs fed free-choice and com- 
plete rations on pasture and drylot. 


Experimental 


Experiments 1 and 2 were conducted in the summers of 1954 and 1955, 
respectively. One hundred and twenty weanling pigs of Yorkshire, Hamp- 
shire, crossbred and Duroc breeding were started on each test. The pigs 
had been weaned at 6 weeks of age and averaged 24 Ib. at the start of 
each test. In experiment 1 all the crossbred pigs, which are referred to 
as second-generation crossbreds, were out of Hampshire Yorkshire gilts 
and were sired by Duroc boars. In experiment 2 the second-generation 
crossbreds were sired by the same boars and out of the same sows that pro- 
duced the crossbred pigs for experiment 1. The third-generation crossbreds 
used in experiment 2 were out of second-generation crossbred gilts that had 
been on experiment 1, and were sired by Yorkshire boars. The pigs were 
allotted at random to the four treatments from outcome groups, usually 
littermates, in such a way that each treatment received the same distribu- 
tion of the breeding groups. 

Ten alfalfa pasture lots of approximately one-third of an acre were used 
for pigs in the pasture phase. The pigs on drylot were kept in 10 pens, 7 by 


1The authors wish to acknowledge McMillen Feed Mills, Inc., Fort Wayne, Indiana; A. E. 
Staley Mfg. Co., Decatur, Illinois; Merck & Co., Rahway, New Jersey; American Cyanamid Com- 
pany, Pearl River, New York; Illinois Farm Supply Company, Chicago, Illinois, and Midwest 
Dried Milk Company, Dundee, Illinois for funds and products which made this study possible. 
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14 feet, on a concrete platform. Each pen had a house, 6 by 71% feet, 
adjacent to it. The composition of the supplements used is given in table 1. 
In both experiments the complete ration fed until the pigs reached 100 lb. 
was formulated to contain 14% protein. Thereafter, the protein level was 
reduced to 12%. 

Animals were removed from tesi at a weight of approximately 210 lb. 
Live backfat measurements were taken as they completed the test. The 


TABLE 1. COMPOSITION OF SUPPLEMENTS 














Pounds 
Ingredients Exp. 12 Exp. 2» 

Soybean oil meal 65 65 
Meat and bone scraps (55%) 15 15 
Menhaden condensed fish solubles 5 
Menhaden fish meal ies 5 
Dehydrated alfalfa meal 15 ’. 
Dried whey “a 5 
Ground limestone 2.4 Faro, 
Steamed bone meal 4.3 
Dicalcium phosphate 6.0 
Trace mineralized salt 4.0 4.0 
B-vitamin supplement © 0.3 0.3 
Antibiotic and Biz supplement 4 1.0 1.0 
Chlortetracycline HCl 2.0 gm. aye 
Antibiotic supplement & wa 0.3 
Vitamin A & D supplement‘ O.1 0.1 

Total 112.1 104.2 





a By analysis contained 38.0% protein, 3.6% calcium and 1.4% phosphorus. 

» By analysis contained 42.8% protein, 3.2% calcium and 1.2% phosphorus. 

¢ Each pound contained 2 grams riboflavin, 4 grams pantothenic acid, 9 grams niacin, and 90 grams 
choline chloride. 

4 Each pound contained 2 grams procaine penicillin and 3 mg. vitamin Biz. 

e Each pound contained 5 grams chlortetracycline. 

ft Each gram contained 4,000 International Units vitamin A and 750 International Chick Units 
vitamin D. 


barrows were slaughtered, after 24 hours of fasting, to obtain carcass data. 
The first pigs completed the test in experiments 1 and 2, in 97 and 104 days, 
respectively. The statistical analysis of the gain and feed data is confined 
to this period in which all animals were on test. 


Results 


Feeding and Management Comparisons. Six pigs were removed from 
experiment | and one pig from experiment 2 for causes not related to treat- 
ment. The feed consumption records were adjusted by removing the pro 
rata share of the missing animals, and the missing data on live weight gains 
were taken into account by the method of fitting constants. The results 
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TABLE 2. GAIN AND FEED DATA FOR FEEDING AND MANAGEMENT 











COMPARISONS 
Drylot Pasture 
Items compared Complete Free-choice Complete Free-choice 
Av. daily gain, ]b. 
Experiment 1 1.30 1.24 L.2Y 0.988 
Experiment 2 
3rd gen. X-breds 1.49 1.54 ey 4 1.124 
All others 1.46 1.28> 1.42 1.22» 
Av. daily feed per pig, ]b. 
Experiment 1 4.12 3.91 3.70 2.70° 
Experiment 2 4.44 4.20 4.42 3.508 
Feed per lb. gain, lb. 
Experiment 1 3.16 3.10 2.914 2.834 
Experiment 2 
3rd gen. X-breds 2.98 2.93 2.91 3.12 
All others 3.04 3.28 3.11 2.87 





® Significantly less than other three treatments (1% level). 

» Significantly less than complete ration on drylot or pasture. (1% level). 

¢ Significantly less than the other three treatments (5% level). 

4 The average of the two pasture treatments was significantly less than the average of the two 
drylot treatments (1% level) 


of the influence of feeding and management on growth, feed efficiency, and 
carcass characteristics are presented in tables 2, 3, and 4. In experiment 1 
the pigs fed shelled corn and supplement free choice on pasture ate less 
feed and gained less rapidly than pigs on the other three treatments. 

A significant interaction between feeding, management and _ breeding 
occurred in experiment 2. The third-generation crossbreds performed dif- 
ferently from all other breeding groups in the 1955 season but were similar 
in performance to all breeding groups in the 1954 season. However, when 
the data including all breeding groups except the third-generation cross- 
breds were analyzed, both on drylot and pasture, the pigs fed the free- 


TABLE 3. SUMMARY OF FEED CONSUMPTION AND FEED EFFICIENCY OF 
PIGS FED CORN AND SUPPLEMENT FREE CHOICE 

















Drylot Pasture 
Items compared Corn Supplement Corn Supplement 

Average daily feed per pig, Ib. 

Experiment 1 3.15 0.76 2.42 0.288 

Experiment 2 3.30 0.90 2.84 0.662 
Feed per Ib. gain, Jb. 

Experiment 1 2.48 0.62 2.54 0.298 

Experiment 2 2.26 0.90 2:37 0.558 





® Significantly less than on drylot (1% level). 
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choice ration gained less rapidly than pigs fed the complete ration 
(P<0.01). 

In table 3 a summary is presented of the amount of corn and supple- 
ment consumed by the pigs fed the free-choice ration on drylot and pasture. 
In both experiments pigs fed on pasture required about 1% Ib. less supple- 
ment per pig daily than did those fed on drylot. 


TABLE 4. CARCASS DATA FOR FEEDING AND MANAGEMENT 




















COMPARISONS 
Drylot Pasture 
Items compared Complete Free-choice Complete Free-choice 

No. of barrows slaughtered 

Experiment 1 11 16 15 9 

Experiment 2 13 16 13 9 
Specific gravity 

Experiment 1 1.0249 1.03082 1.0242 1.0238 

Experiment 2 1.0283 1.0316 1.0268 1.0323 
Av. carcass backfat thickness, in. 

Experiment 1 1.70 1.5 5 1.61 

Experiment 2 1.85 1.67 1.82 1.73 
Av. live backfat thickness, in. 

Experiment 1 1.67 1.55 5 5 

Experiment 2 1.80 72 5 1.6 
Lean cuts (4) as % of right side 

Experiment 1 46.6¢ 47.0¢ 45.0 46.0 

Experiment 2 47.7 19 6b 47.1 49.3b 
Av. length of body, in. 

Experiment 1 29.2 29.2 29.4 29.1 

Experiment 2 28.6 29.2» 28.4 29.1» 





a Significantly above other treatments (1% level). 
» Free-choice average significantly above complete-ration average (1% level). 
¢ Drylot significant over pasture (1% level). 


In experiment 1 the pigs fed free-choice in drylot had a higher specific 
gravity (P<0.01) and a higher yield of the four lean cuts than those on 
the other three treatments. In experiment 2 the carcasses from pigs fed 
free-choice had a higher yield of four lean cuts than those from pigs fed 
the complete ration (P<0.01). 

Breed Comparisons. From table 5 it is clear that in both experiments the 
Yorkshires ate less feed and gained less rapidly than the other breeding 
groups (P<0.01). With regard to carcass qualities the Yorkshires had 
a significantly higher specific gravity, less backfat thickness, greater length 
and a higher percentage of the four lean cuts (table 6). In experiment 2 
the third-generation crossbreds, which were sired by Yorkshire boars, had 
less backfat and greater body length than all other breeding groups except 
the Yorkshires (P< 0.01). 
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Discussion 


The relatively poor performance of the pigs fed free-choice on pasture 
can be interpreted as meaning that under some conditions the pig will not 
choose a ration which will support optimum growth. Lassiter et al. (1955), 
however, obtained very good performance from pigs fed free-choice on 
pasture. The supplements they used contained a higher percentage of pro- 
tein than the one used in this study. The work of Warner and Meade 
(1954) indicates that pigs fed free-choice on pasture gained less rapidly 


TABLE 5. GAIN AND FEED DATA FOR BREEDING COMPARISONS 

















Crossbreds 
Items compared 2nd gen. 3rd gen. Duroc Hampshire Yorkshire 
Av. daily gain, lb. 
Experiment 1 1.31 oe 1.34 1 27 0.872 
Experiment 2 1.46 1.41 1.46 1.29» 1.174 
Av. daily feed per pig, Jb. 

Experiment 1¢ 4.19 3.86 4.19 2.3248 
Corn4 3.00 3.18 Te? 4 1.548 
Supplement4 0.52 0.54 0.68 0.32e 

Experiment 2¢ 4.44 4.26 4.54 4.10 3.3748 
Corn@ 3.34 3.08 3.43 3.03 2.45 
Supplement4 0.73 0.83 0.81 0.78 0.76 

Feed per lb. gain, Ib. 
Experiment 1 2.93 re 2.88 3.29 2.68 
Experiment 2 3.04 3.02 3.11 3.18 2.88 





8 Significantly less than all other breeds (1% level). 

»b Significantly different from other breeds (1% level). 

¢ For both free-choice and complete-ration pigs. 

4 For free-choice pigs only. 

e Breeds were significantly different at 1% level. Yorkshires were significantly lower (5% level) 
than crossbreds. 


than those fed the complete ration when the protein supplement contained 
about 38.5% protein. When these workers increased the protein content 
of the supplement to 44.4%, growth rates were similar on the free-choice 
and complete ration. 

While it is true that differences in feed consumption were shown to ac- 
count for the differences in rate of gain between breeding groups, the funda- 
mental question as to why some groups consumed such vastly different 
amounts of feed remains unanswered. The better carcass characteristics of 
the Yorkshires may be a breed characteristic, or may be a reflection of their 
smaller feed intake and consequent poor performance. The work of Mc- 
Meekan (1940, 1941) shows the advantage of limiting feed intake, over a 
full fed or a high plane of nutrition, with regard to carcass quality. 

It is interesting that the third-generation crossbreds, which were sired by 
Yorkshire boars, had good carcass characteristics and at the same time had 
good overall performance. It should be noted that in both these experiments 
the gains made by the crossbreds did not exceed those of the Durocs, the 
fastest gaining breed. 
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TABLE 6. CARCASS DATA FOR BREEDING COMPARISONS 

















Crossbreds 

Items compared 2nd gen. 3rd gen. Duroc Hampshire Yorkshire 
No. of barrows 

Experiment 1 24 £4 13 9 5 

Experiment 2 12 7 14 9 9 
Specific gravity 

Experiment 1 1.0260 1.02148 1.0255 1.0355» 

Experiment 2 1.0295 1.0287 1.0268 1.0239 1.0390» 
Av. carcass backfat thickness, in. 

Experiment 1 1.69 a 1.74 1.62 1.37» 

Experiment 2 1.81 1.67¢ 1.83 1.91 1.64¢ 
Av. live backfat thickness, in. 

Experiment 1 1.65 én 1.85¢ 1.69 $4 

Experiment 2 1.80 1.62¢ 1.95 1.86 1.55¢ 
Lean cuts (4) as % of right side 

Experiment 1 45.5 ia 44.6 46.1 48.3» 

Experiment 2 48.7 48.0 46.9 48.1 50.44 
Av. length of body, in. 

Experiment 1 29.3 ea 28.7 29.4 30.0» 

Experiment 2 28.5 29.5¢ 28.6 28.0 29.7¢ 





8 Significantly below Hampshires and crossbreds (2% level). 

» Significantly different from the other breeds (1% level). 

¢ Yorkshires and 3rd gen. crossbreds (both sired by same Yorkshire boars) significantly different 
from other breeds (1% level). 

4 Yorkshires significantly above the other breeds (5% level). 

e Durocs significantly above crossbreds (5% level). 


Summary 


The effects of drylot vs. pasture management, and of complete rations vs. 
free-choice rations were studied on rate of gain, feed efficiency, and carcass 
quality of crossbreds, Durocs, Hampshires and Yorkshires. Under the con- 
dition of these tests, the shelled corn and supplement fed free-choice rather 
than as a complete ration, on pasture, resulted in significantly poorer growth 
and performance. Pasture feeding resulted in a saving of about 45% sup- 
plement per Ib. gain. The poorest growth performance, but the most 
efficient gains and best carcass characteristics, were exhibited by the York- 
shire breed. 
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THE EFFECT OF PROTEOLYTIC ENZYMES ON THE UTILIZA- 
TION OF ANIMAL AND PLANT PROTEINS BY NEWBORN 
PIGS AND THE RESPONSE TO PREDIGESTED PROTEIN * 


H. M. CUNNINGHAM AND G. J. BRISSON 
Canada Department of Agriculture 


ROTEOLYTIC enzyme concentrates have been used in various at- 

tempts to improve the digestibility of proteins by newborn animals. 
Lahrmann (1882) patented a process for predigesting casein with “diges- 
tive ferments”. The casein, which was to be incorporated into a milk for 
babies, was almost completely digested, resulting in the formation of bitter 
proteoses, peptones and amino acids. Conquest et al. (1938) lowered the 
curd tension of milk with a pancreatic concentrate and claimed that calves 
fed this milk retained the curd in their stomachs for a shorter period of 
time than when normal pasteurized milk was fed. Williams and Knodt 
(1951) reported that papain and pancreatin were deleterious when added 
to a milk replacement for calves. Feed consumption was low, growth was 
poor and there was evidence of dehydration and intestinal degeneration. 
Lewis et al. (1955) claimed that supplementing a soya-protein purified 
diet for 6-lb. baby pigs with proteolytic enzymes improved weight gains 
and feed efficiency. The authors recognized that the response obtained 
may have been due to unrecognized growth factors or to improved amino 
acid balance. When the protein was predigested with pancreatin, negative 
results were obtained. 

The present experiments were undertaken to study the effect of supple- 
mental proteolytic enzymes on the digestion of an animal and plant protein 
by newborn pigs. The effect of predigestion of the protein on its utilization 
by baby pigs was also studied. 


Experimental 


Trial 1, Ten 2-day-old littermate pigs were allotted equally to two groups 
according to body weight. They were placed in wire-bottomed cages 
equipped for the separate collection of urine and feces. Room temperature 
was maintained at 85° F. for the first week and 75° F. thereafter. One 
group received the basal diet in table 1 and the other group received the 
basal diet plus 5.0 gm. each of pepsin (1:10,000) and pancreatin * per kg. 
of diet at the time of feeding. Wasted feed was collected, dried and weighed 


1 Contribution No. 341, Chemistry Division, Science Service, Ottawa, Ontario. 

* The authors acknowledge the assistance of R. G. Sample in the care and feeding of the experi- 
mental animals. Acknowledgement is also due to G. B. Landerkin of the Bacteriology Division, Sci- 
ence Service, Ottawa, for the bacteriological work, and to T. H. Jukes, American Cyanamid Co., 
Pearl River, N. Y., for the chlortetracycline. 

8 The enzymes were obtained from Nutritional Biochemicals Corp., Cleveland, Ohio. 


568 


ENZYMES AND FEED UTILIZATION BY BaBy PIGS 569 





TABLE 1. COMPOSITION OF FISHMEAL PROTEIN DIET FED IN TRIAL 1 








Gm./kg. of 
Ingredient semifluid diet 

Fishmeal (67.34% protein—finely ground) 175.0 
Glucose (cerelose ) 223.0 
Lard® 100.0 
Trace minerals? 0.25 
Vitamins¢ 1.10 
Chlortetracycline 30 mg. 





® Fourteen parts of lard and one part of lecithin were homogenized with water. 

> Trace minerals in mg./kg. of diet: FeSOs-7H2O0, 200; CuSOs-5H2O, 16.0; CoCle-6H20, 7.6; 
MnSO4°4H20, 13.6; ZnSO«-7HeO, 12.4; KI, 1.2. 

¢B vitamins in mg./kg. of diet: thiamine-HCl, 5.0; riboflavin, 5.0; niacin, 16.4; pyridoxine-HCl, 
5.0; folic acid, 0.20; para-aminobenzoic acid, 4.08; calcium pantothenate, 8.23; inositol, 41.0; 
biotin, 0.08; Biz, 0.25. 

Vitamin A palmitate, 10,000 I.U./kg.; vitamin Ds, 1,000 I.U./kg., alpha-tocopherol, 15 mg./kg. 


back. The feces were collected four times daily for 4 pigs in each group 
beginning on the second day of the experiment. A 7-day collection period 
was followed by successive 2-week collections. Methods of preservation, 
storage and analysis of excreta were reported previously (Cunningham and 
Brisson, 1955). Autopsies were performed on all pigs that died. 

Trial 2. Twenty-one 2-day-old crossbred baby pigs were divided into 
three comparable groups on the basis of litter and body weight. Group 1 
was fed the basal diet shown in table 2, Group 2 received inactive pepsin * 
and Group 3 received active pepsin (1:10,000). The pepsin was fed at 
the rate of 1 gm. per 100 gm. of dry matter intake with the active pepsin 
added to the diet of Group 3 at the time of feeding. Collection of feces 
from individual animals began on the second day of the experiment: there 
were four successive periods of 7, 14, 14 and 21 days duration. 

Trial 3. Sixteen 2-day-old pigs were allotted equally according to litter 
and body weight into two groups. Group 1 received the inactive pepsin- 


TABLE 2. COMPOSITION OF SOYA PROTEIN BASAL DIET 











Gm./kg. of 

Ingredient fluid diet 
Soybean protein # 40.0 
Glucose (cerelose) 50.0 
Lard» 28.0 
Lecithin 2.0 
Minerals¢ 9.9 
Vitamins ¢ 
Chlortetracycline 10 mg. 





® Drackett C-1 assay protein, The Drackett Products Co., Cincinnati 32, Ohio, U.S.A. 
» The lard was homogenized with the lecithin before adding it to the diet. 
© Same as those used previously (Cunningham and Brisson, 1955). 


4 The inactive pepsin was prepared by autoclaving a 6.5% solution of pepsin at 15 lb. pressure 
for 15 minutes. 
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un 


supplemented diet of Trial 2 while Group 2 was fed the basal diet in 
table 2 with the soybean protein predigested with pepsin.° Fecal collections 
began on the second day and were discontinued only upon the occurrence 
of severe diarrhea. 


Results 


Trial 1. Table 3 indicates that the proteolytic enzymes exerted no de- 
tectable effect on feed intake, digestibility or growth rate. The pigs found 
the diet to be quite palatable, consuming an average of 7.8% of their body 
weight as dry matter on the first day. Feed intake, however, did not increase 
appreciably thereafter and though all but one pig gained weight during 


TABLE 3. AVERAGE WEIGHT GAINS AND FEED UTILIZATION OF PIGS 











IN TRIAL 1 
Av. dry Av. Average apparent digestibility in percent 
No. matter Av. days of See 
of Period intake daily scours Dry 
pigs * no.» per day gain per pig matter Protein Fat Glucose Ash 





gm. gm. 


Group 1—Controls (Av. initial wt.=1330 gm.) 


5-4 1 107 14 0.8 95.1 92.2 93.8 07,2 80.7 

5—4 2 115 40 1.4 91.6 88.3 86.7 99.3 70.7 

2-2 3 119 26 3.0 86.6 84.7 79.9 98.9 58.0 
Group 2—Enzymes (Av. initial wt.=1328 gm.) 

5-4 1 111 26 0.0 94.2 90.5 93.2 98.1 74.9 

5-4 2 105 37 2.4 90.0 85.8 86.2 98.6 62.7 

1--1 3 198 118 1.0 88.4 87.0 71.8 98.2 50.5 





* The first figure on each line refers to the number of pigs on experiment and the second figure the 
number of pigs on collection. Average dry matter intake, average daily gain and average days of 
scours are given for all pigs. 

b Periods 1, 2 and 3 were of 7, 7 and 14 days duration, respectively. 


the first two weeks, none survived past five weeks. Average survival time 
of controls was 27.8 days and of enzyme supplemented, 19.6 days. An 
analysis of variance indicated that the difference in survival time was not 
statistically significant. Diarrhea was seldom observed during the first 
week but it appeared more frequently in the second and third weeks. It is 
believed that this accounted for the slight but significant (P<0.01) 
decline of 3.8% in dry matter digestibility from the first to second period. 

It was interesting to find that the protein of fishmeal was well digested 
by 2-day-old pigs. Average digestion coefficients of 92.5 and 90.5% were 
obtained during the first period by the control and enzyme supplemented 
groups, respectively. Data on feed intake, however, indicate that the total 
quantity of fishmeal digested was low. 

5A suspension of purified soybean protein was adjusted to pH 2.2 with HCl and stirred for 24 
hours with 1 gm. of pepsin per 100 gm. of dry matter in the complete diet. The pH was returned 
to 7 with NaOH and the other ingredients added. The HCl and NaOH were also added to the diet 


of Group 1. Bacteriological smears and cultures of the protein digest before and after the 24-hour 
incubation period indicated no increase in the microbial population. 
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Autopsy of animals that died disclosed a large gastric ulcer in one of the 
control pigs. Redness of the greater curvature of the stomach and yellow 
patches on the intestines were observed separately in two pigs on the 
enzyme supplemented diet. The severe scouring shown by most pigs just 
prior to death suggests further that such a high percentage of fishmeal in 
the diet had an irritating effect on the gastrointestinal tract. 

Trial 2. Diet 2 was quite palatable and some feed restriction in all groups 
was required during the first two weeks to control diarrhea. The data in 


TABLE 4. AVERAGE WEIGHT GAINS AND FEED UTILIZATION OF PIGS 











IN TRIAL 2 
Av. dry Av. Average apparent digestibility in percent 
No. matter Av. days of —_—-— - - - 
of Period intake daily scours Dry 
pigs no. per day gain per pig matter Protein Fat Glucose Ash 





gm. gm. - 


Group 1—Controls (Av. initial wt.=1958 gm.) 


7 1 47 —13 2.9 ot. 7 88.7 81.5 99.9 87.4 
7 2 108 103 0.4 S227 92.0 85.2 99.7 85.9 
7 3 231 223 0.0 94.6 94.1 91.0 99.2 86.9 
6 4 506 482 0.1 06.8.) 96.2 ~ 96,0...) 992% , -- 9084 
Group 2—Inactive pepsin (Av. initial wt.=1964 gm.) 
7 1 46 —13 Pe | 89.3 86.4 232 101.2 83.6 
6 2 110 81 0.4 90.3 88.6 80.0 99.9 83.7 
6 3 232 209 0.1 93.4 91.5 88.6 99.6 85.6 
5 4 505 503 0.1 96.2 96.2 95.8 98.8 90.8 
Group 3—-Active pepsin (Av. initial wt.=1975 gm.) 
7 1 44 —18 3.6 90.2 87.4 80.7 99.8 84.3 
5 2 BY 91 0.2 90.1 89.0 79.6 99.5 82.7 
5 3 242 226 0.0 94.3 92.8 90.8 99.3 87.2 
4 4 523 501 0.0 96.5 95.5 94.7 99.5 90.2 





4 Periods 1, 2, 3 and 4 were of 7, 14, 14 and 21 days duration. 


table 4 shows that there was no difference in feed intake, weight gains, days 
of scours or in the apparent digestibility of the various components of the 
diets of the three groups of pigs. All but two pigs in each group lost weight 
during the first week. Two pigs receiving active pepsin died with severe 
scours at one week of age and one pig on inactive pepsin died with scours 
at 11 days of age. No further deaths were recorded until period 4 when 
one pig in each group suddenly died. Post-mortems disclosed acute en- 
teritis of the pig which died in Group 3 while no abnormal signs were 
observed in those dying in Groups 1 and 2. 

The condition of all pigs improved from the end of the second week and 
during the following six weeks their average weight increased from 2.32 
to 16.53 kg. There was a significant increase (P<0.01) in the dry matter, 
protein and fat digested by all groups of pigs from period 1 to period 4. 
The average protein digestibility increased from 87.5 to 96.0% during 
this time and may be compared with the increase in casein digestibility 
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reported previously (Cunningham and Brisson, 1955) of 97.9 at two 
weeks to 99.0% at four weeks. 

Trial 3. All pigs in Group 2 receiving the predigested soybean protein 
diet developed diarrhea within 24 hours and died within seven days. The 
control pigs in Group 1 behaved similarly to those in Trial 2, having an 
average daily dry matter intake and weight gain of 57.8 and 57.0 gm. per 
day, respectively, during the first two weeks. All but one pig in Group 1 
survived to the end of the experiment at four weeks of age. The diarrhea 
and early deaths of the pigs in Group 2 made adequate feces collections 
from these pigs impossible. Ample data on the digestibility of the control 
diet were obtained in Trial 2 and so feces collections from this group were 
discontinued after one week. 


Discussion 


The optimum pH of pepsin activity is approximately 2 and at pH 4 
the activity is very slight (Hawk et al., 1947). Kvasnitskii and Bakeeva 
(1940) reported that the gastric secretion of baby pigs contains pepsin 
from birth but that hydrochloric acid does not appear until after 20 to 
30 days. Acid was present in the gastric contents of the 1-day-old pig, 
but they attributed it to either the nature of the food or to the microflora. 
The unpublished data of Liu and others reported by Lewis et al. (1955) 
showed that in suckling baby pigs 1 to 35 days old the pH of the stomach 
contents was never below 3.5. In this laboratory, (Cunningham and Brisson, 
unpublished data) free hydrochloric acid was detected by Gunsberg’s test 
(Hawk et al., 1938) and pH values of 1.85 to 3.20 were found in the 
stomach contents of nine 12-hours to 7-day-old nursing pigs. The pH 
of the stomach contents of six other 2- to 3-week-old nursing pigs was in 
all cases above 3.5. The pH of the stomach contents of the pigs on the 
control diet in Trial 3, taken by stomach pump at intervals from 1 to 3 
weeks of age, was never found to be below 3.8. It is then possible that a 
deficiency of hydrochloric acid of the pigs in Trial 2 failed to promote 
activity of the supplemental pepsin. The data with predigested protein, 
however, suggests that if considerable peptic activity had taken place 
in the stomach of pepsin supplemented pigs, the effects would have been 
unfavorable. 

These experiments demonstrate that the mere supplementation of baby 
pig diets with pepsin does not improve the utilization of plant or animal 
proteins. In cases where the stomach content is not conducive to the action 
of pepsin, it is difficult to see how the pepsin of crude supplemental pepsin 
concentrates can be of any appreciable value. 


Summary 


Individual feeding and digestion trial techniques were employed with 
31 newborn pigs to observe the effects of supplemental proteolytic enzymes 
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on the digestibility of fishmeal and soybean proteins. Sixteen additional 
pigs were used to study the effect of feeding predigested protein. 

Enzyme supplementation had no effect on the growth rate or digestibility 
of the plant or animal proteins. Soybean protein, predigested for 24 hours 
with pepsin, resulted in severe diarrhea and death of 2-day-old pigs. 
Observations on gastric pH and its possible influence on supplemental 
enzyme preparations is discussed. 
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THE UTILIZATION OF MALTOSE BY NEWBORN PIGS? 


H. M. CUNNINGHAM AND G. J. BRISSON * 
Canada Department of Agriculture 


ARIOUS attempts have been made by using amylases to improve the 

digestion of starch by suckling pigs (Lewis et a/., 1956; Cunningham 
and Brisson, 1957) but it is not known whether the pig possesses sufficient 
maltase to hydrolyze the maltose as rapidly as it is released by the 
amylases. Bailey et al. (1956) estimated the maltase secreting power of 
the baby pig from assays of extracts of ground intestines. They reported 
that the potential ability of baby pigs to hydrolyze maltose rose rapidly 
from zero at birth to 2 gm. per kg. of body weight per hour at 1 week of 
age. 

It is well known that extracts of tissues do not always indicate the actual 
enzyme potential of a secretory tissue. For this reason, digestion trial and 
intestinal loop techniques were employed in the present work to determine 
the rate of maltose digestion by newborn pigs. 


Experimental 


Trial 1. Eight 1-day-old littermate pigs were allotted into groups of four. 
They were placed in individual wire-floored cages equipped for the separate 
collection of urine and feces. Group 1 received the purified basal diet 
(table 1) containing glucose while Group 2 received the same diet except 
that glucose was replaced by maltose.* The procedure followed in the 
preparation of diets, collection and analysis of excreta was described 
previously (Cunningham and Brisson, 1955). Fecal collections began when 
the pigs were 2 days old and lasted for four successive periods of 3, 4, 7 
and 14 days. 

Trial 2. This experiment was designed to determine the maximum rate 
of maltose digestion and absorption by baby pigs from birth to 1 week of 
age. Twelve pigs were removed from the sows at intervals up to 7 days of 
age. Each pig was starved for 6 hours, weighed and anesthetized with 
ether. A laparotomy was performed and the small intestine was ligated at 
both ends, taking care to disturb it as little as possible. A 5% solution 
of maltose (reagent grade) was injected into the duodenum within 1 inch 
of the pylorus. The quantity injected was sufficient to ensure the presence 
of some unhydrolyzed maltose 1 hour later. This was determined in pre- 
liminary tests with other pigs of the same age. The abdominal incision was 

1 Contribution No. 342, Chemistry Division, Science Service, Ottawa, Ontario. 
2 The authors acknowledge the assistance of R. G. Sample in the care and feeding of the experi- 
mental animals. The chlortetracycline was obtained through the courtesy of T.H. Jukes, American 


Cyanamid Co., Pearl River, N. Y., U.S.A. 
3 Technical grade, 80% maltose. 
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quickly sutured and the pig was placed under a heat lamp. The pigs re- 
covered rapidly from the anesthesia and were usually on their feet within 
5 to 10 minutes. 

Exactly 59 minutes after the injection of the maltose solution, the blood 
vessels of the neck were severed and 1 to 2 minutes were allowed for 
bleeding. The small intestine was quickly removed and washed out with 
approximately 450 ml. of distilled water. The washings were frozen until 
analyzed.* 

Two additional 4-day-old pigs were used to determine the quantity of 
reducing substances normally obtained when no maltose was injected. - 


TABLE 1. COMPOSITION OF THE GLUCOSE BASAL DIET 














Gm./kg. of 

Ingredient fluid diet 
Crude casein 40.0 
Glucose (cerelose ) 50.0 
Lard® 28.0 
Soybean lecithin 2.0 
Minerals» 9.9 
Vitamins» 
Chlortetracycline 10 mg. 





a The lard was homogenized with lecithin before adding it to the diet. 
b Same as those used previously (Cunningham and Brisson, 1955). 


They were treated in a similar manner to the others except that no injection 
was made. The accuracy of the techniques employed was investigated 
further in a recovery test on two other 4-day-old pigs. Maltose was injected 
into the intestines of the pigs immediately after death and was recovered 
as quickly as possible following the procedure described above. 


Results 


Trial 1. The results of the digestion test given in table 2 demonstrate 
that approximately 97% of the maltose was digested. The quantitative 
digestion of maltose was equivalent to 0.72 gm. per kg. of body weight 
per hour during period 1 and 0.86 gm. during period 2. The other ingredi- 
ents of both diets were also highly digestible. However, the digestibility 
of protein and carbohydrate was significantly higher® (P<0.01) for the 
glucose than for the maltose diet. The higher dry matter and ash di- 
gestibility of the glucose-fed group was significant at the 5% level. 

The only differences in the performance of the two groups were observed 
during the second and third days when the maltose-fed pigs consumed less 

*The washings were thawed and made up to 500 ml. with distilled water. Ten ml. were placed 
in a 15 ml. centrifuge tube and 1 ml. of conc. HCl was added. The tube was boiled for 30 
minutes to hyrolyze the maltose to glucose and to precipitate any protein. The tube was centrifuged 
briefly, the supernant was decanted and the glucose present was determined by the hypoiodate 


titration method of Willstatter, Waldschmidt-Leitz, and Hesse (Hawk et al., 1947). 
5 By an analysis of variance. 











CUNNINGHAM AND BrISsON 


TABLE 2. BODY WEIGHT GAINS OF PIGS AND DIGESTIBILITY 
COEFFICIENTS OBTAINED IN TRIAL 1 











Av. dry 
matter 
intake Av. gain Av. Average apparent digestibility in percent 
No. per kg. per kg. days of ——-— 
of Period body wt. body wt. scours Dry 
pigs no.* per day per day per pig¢ matter Protein Fat CHO Ash 
gm.» gm.» 
Group 1—Glucose (Av. initial wt.=1222 gm.) 
4 1 70 ‘ 0.0 97.5 98.2 94.2 99.6 94.4 
3 2 92 1034 0.3 96.4 96.9 90.8 99.9 93.2 
3 3 33 33 2.0 93.5 94.6 83.1 99.8 88.4 
3 4 55 51 0.0 97.2 97.9 92.4 100.0 93.0 
Group 2—Maltose (Av. initial wt.=1245 gm.) 
“ 1 54 aa 0.0 95.6 94.7 93.3 97.4 94.6 
4 2 81 764 0.5 94.3 94.2 93.7 95.5 89.8 
3 3 39 31 3.5 91.3 89.0 78.6 99.4 83.5 
+ - 66 61 0.0 96.3 95.9 97.7 96.9 91.7 





® Periods 1, 2, 3 and 4 were of 3, 4, 7 and 14 days duration, respectively. 

> The smallest pig in Group 1 died at 4 days of age: to put feed intake and weight increments of 
both groups on an equal basis, dry matter intake and body weight gains are given as gm. per kg. body 
weight per day. 

¢ Scours were recorded whenever the feces were fluid in consistency regardless of the total volume of 


excreta. 
4 Weight gains of period 1 and period 2 are combined. 


feed, were more gaunt in appearance and excreted softer feces than the 
pigs fed glucose. Feed intake and growth rates of the two groups, how- 
ever, were not significantly different in the first period nor during the 
remainder of the experiment. There was little evidence of diarrhea during 
the first two periods but both groups were affected in period 3. This was 
reflected in a lower dry matter intake, a reduced growth rate and a sig- 
nificantly lower (P<0.01) digestibility of dry matter, protein, fat, ash 
and carbohydrate. 


TABLE 3. AVERAGE RATE OF DIGESTION OF MALTOSE BY THE SMALL 
INTESTINE OF BABY PIGS 











Av. gm. Av. gm. maltose 
Age of Gm. of maltose digested digested per kg. of 
pigs (days) ® maltese injected in one hour? body wt. per hour 
Birth 2.0 0.78 0.66 
1 2.0 0.70 0.67 
3 a 0.82 0.55 
4 PR 1.02 0.62 
6 5.0 2.66 1.05 
7 5.0 1.96 0.98 





® Two pigs were taken from litter 1 at birth, 3 and 6 days of age and from litter 2 at 1, 4 and 7 
days of age. 

b “Digestion” is used to denote digested and absorbed. Maltose hydrolyzed but not absorbed is 
excluded. Corrections for reducing substances other than glucose (less than 8%) and for maltose 
absorbed or lost during the removal and washing of the intestines (6.4 to 9.5%) were included in 
calculating the above data. 
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Trial 2. The data in table 3 indicate that maltose was digested and 
absorbed in the small intestine of baby pigs a few hours old. The average 
rate of maltose digestion from birth to 4 days of age was 0.62 gm. per kg. 
of body weight per hour, and at 6 to 7 days of age it was 0.99 gm. These 
values agree closely with those obtained in Trial 1 where maltose was given 
orally. 

Discussion. It is evident from the present work that the newborn pig 
is capable of digesting maltose. The rate of maltose digestion during the 
first few days may be borderline for optimum feed consumption and 
growth, but after 1 week of age there is no difference in performance of 
pigs fed glucose or maltose. 

The feed intake, growth rate and general appearance of the pigs fed 
maltose in this experiment was superior to that of pigs of the same age 
fed a similar diet containing starch (Cunningham and Brisson, 1957). 
Maltose was digested at the rate of 0.72 gm. per kg. of body weight per 
hour while the starch was digested at the rate of 0.42 gm. per kg. of body 
weight per hour. The faster rate of digestion of maltose indicates that 
the digestion of starch in the previous work was not limited by a deficiency 
of maltase. 


Summary 


The rate of digestion of maltose by newborn pigs was studied through 
the use of digestion trial and intestinal loop techniques. Orally ingested 
maltose was 97.4% digested by 2- to 5-day-old pigs. The rate of digestion 
was 0.72 gm. per kg. of body weight per hour. Maltose, injected into tied-off 
small intestines of 0- to 4-day-old pigs was digested at the rate of 0.62 gm. 
per kg. of body weight per hour. 
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RESTRICTED CALCIUM FEEDING VERSUS ZINC SUPPLE- 
MENTATION FOR THE CONTROL OF 
PARAKERATOSIS IN SWINE! 


P. K. Lewis, Jr., W. G. HoeKstrA AND R. H. GRUMMER 
University of Wisconsin * 


T has been amply demonstrated that parakeratosis of swine (Kernkamp 

and Ferrin, 1953) is adversely affected by. feeding excessive amounts of 
calcium and is greatly alleviated by feeding supplemental zinc (Tucker 
and Salmon, 1955; Luecke et al., 1956; Lewis et al., 1956). Therefore, 
two possible methods of controlling this disease are apparent: (1) restrict- 
ing the calcium intake, or (2) feeding supplemental zinc. A previous report 
(Lewis et al., 1956) indicated that pigs fed 0.8% calcium (and 0.5% 
phosphorus) readily developed parakeratosis, but not so rapidly as did 
pigs fed 1.1-1.4% calcium. Furthermore, the zinc content of a number of 
body components of swine fed the two levels of calcium with no added zinc 
was not significantly different. It appeared desirable to compare the effects 
of feeding a minimum level of calcium (i.e. slightly below the National 
Research Council (1953) recommendation) on the development of para- 
keratosis and on the zinc concentration of several body components with 
those observed from feeding higher levels of calcium. 

Previous experiments showed that 50 ppm of supplemental zinc in a 
ration containing 0.8% calcium did not completely prevent parakeratosis, 
but that 100 ppm of supplemental zinc effectively alleviated or prevented 
the disease (Lewis et al., 1956). Since zinc might be toxic at high levels 
it was deemed advisable to establish a safety margin. 

The purpose of this paper is to present data showing the relative effects 
of three levels of calcium feeding (0.5%, 0.8% and 1.2%) and two levels 
of zinc supplementation (100 ppm and 1,000 ppm added to the 0.8% 
calcium ration) on the incidence and severity of parakeratosis, on body 
weight gains, and on the zinc concentrations of certain body constituents. 
The zinc analyses included values for blood plasma, liver, intestine, kidney, 
pancreas, skin, hair and bone. Possible toxic effects of the 1000 ppm level 
of zinc were investigated. 


Experimental 


Thirty normal, healthy, weanling pigs were stratified according to weight 
and sex, and allotted into five lots of six pigs each. The lots of pigs were 
* Published with the approval of the Director of the Wisconsin Agricultural Experiment Station, 


Madison. This work supported in part by the American Cyanamid Co., Pearl River, New York. 
2 Departments of Animal Husbandry and Biochemistry, Madison. 
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fed the rations presented in table 1. They were housed indoors and all 
rations were self fed. The pigs were weighed each week and given skin 
ratings of 0 to 5 depending on the severity of parakeratosis (Lewis e¢ al., 
1956). Blood samples were taken at the end of 12 weeks on experiment and 
the pigs were slaughtered at the end of 20 weeks. Samples of liver, kidney, 
skin, hair, small intestine, bone and pancreas were obtained from each pig 
and stored in the frozen state until they were analyzed (Hoekstra 
et al. (1956), procedure of preparing samples). Only the cortex portion 
of the kidney was sampled. The section of the intestine was taken about 
one foot beyond the duodenal loop and was washed free of ingesta. The 
bone sample was taken from the radius and ulna of the foreleg. The skin 
sample from the left foreflank was scraped free of subcutaneous fat and 


TABLE 1. PERCENTAGE COMPOSITION OF EXPERIMENTAL RATIONS 











Ingredients ® Lot 1» Lot 2» Lot 3» Lot 4 Lot 5 
Corn 85.5 84.5 2.8 84.5 84.5 
Soybean oil meal ‘oO 11.0 1.0 11.0 18.0 
Meat scraps 3.0 3.0 3.0 3.0 3.0 
Limestone ace 1.0 1.0 1.0 1.0 
Dicalcium phosphate ai 17 
Salt 0.5 0.5 0.5 0.5 0.5 
Supplemental zinc ear Psi wed 100 ppm 1000 ppm 

(added as ZnSO,:7H:0) 
% calcium ¢ O75 0.8 1.2 0.8 0.8 
% phosphorus® 0.5 0.5 0.9 0.5 0.5 





a Irradiated yeast was added to all rations to furnish 90 I.U. of vitamin D per lb. of ration. 
» This ration contained 28 ppm of zinc on dry matter basis. 
¢ Air-dry basis. 


the hair was plucked from it. All samples were analyzed for zinc. Ash was 
determined on the bone samples to assess possible occurrence of calcium 
deficiency on the low-calcium ration and to check on zinc toxicity which 
involves lameness, bone deformities and lowered bone ash (Grimmett e¢ al., 
1937; Sampson e¢ al., 1942; Sadasivan, 1951). The skin samples were 
analyzed for calcium to determine whether a calcium-zinc relationship 
existed in the skin. The ash and zinc of the bone, the calcium and zinc of 
the skin, and the zinc of the pancreas were expressed on a moisture-free, 
fat-free basis, whereas values for other organs were expressed on the mois- 
ture-free basis. Ash content of the bone was determined by accepted 
methods of A.O.A.C. (1950), zinc determinations were made essentially 
by the method of Vallee and Gibson (1948) and Hoch and Vallee (1949), 
and calcium determinations were made by the method described by Snell 
and Snell (1949). The data were analyzed statistically for differences by 
a multiple range test method (Kramer, 1956). 
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TABLE 2. THE EFFECT OF THE RATIONS FED ON THE AVERAGE DAILY 
GAIN AND THE DEATH RATE OF THE PIGS 
i No. of No. of Av. daily 
Lot Ration pigs in lot pigs dead ® gain 
Ib. 
1 0.5% calcium ration 6 0 1.14» 
2 0.8% calcium ration 4 1 0.80¢ 
3 1.2% calcium ration 6 2 0.10 
4 0.8% calcium ration 
+ 100 ppm of zinc4 5 0 1.20» 
5 0.8% calcium ration 
+ 1000 ppm of zinc4 6 0 1.146 





® From parakeratosis. 

» Significantly greater than Lots 2 and 3, P<0.01. 
¢ Significantly greater than Lot 3, P<0.01. 

4 Supplied as ZnSO«-7H20. 


Results 


Effect of Rations Fed on the Development of Parakeratosis. Table 2 
shows the effect of the various rations fed on the average daily gains and 
the death rate of the pigs over 20 weeks while figure 1 presents the cor- 
responding growth curves. Two pigs of Lot 2 and one pig of Lot 4 died 
from causes unrelated to parakeratosis and are therefore not included. 
Increasing the calcium content of the ration from 0.5% (Lot 1) to 1.2% 
(Lot 3) markedly decreased the average daily gain (from 1.14 to 0.10 lb.). 
The pigs receiving the 0.8% calcium ration (Lot 2) gained significantly 
less than the pigs fed the 0.5% calcium ration (Lot 1) but significantly 
more than the pigs fed the 1.2% calcium ration (Lot 3). All pigs in Lot 
2 developed parakeratosis after they had been on the experiment for 12 
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Figure 1. The effect of various dietary levels of calcium and zinc on weight 





A “+” denotes death of one pig from parakeratosis. 
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weeks. In previous studies pigs fed this same ration developed parakera- 
totic skin lesions within 6 weeks. This may help to explain the faster gains 
reported here than those reported previously (Lewis et al., 1956). 

Pigs fed the 0.8% calcium ration plus 100 ppm of zinc (Lot 4) gained 
significantly faster than those fed 0.8% calcium without added zinc 
(Lot 2) but did not gain significantly faster than the pigs receiving the 
0.5% calcium ration (Lot 1). The rate of gain resulting from the feeding 
of 1,000 ppm of additional zinc (Lot 5) was not significantly different 
from that produced by feeding 100 ppm of additional zinc (Lot 4). 
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Figure 2. The effect of various dietary levels of calcium on the skin condition. 
A “+” denotes death of one pig from parakeratosis. 


There were two deaths from parakeratosis on the 1.2% calcium ration 
(Lot 3), one death on the 0.8% calcium ration (Lot 2) and no death on 
the 0.5% calcium ration (Lot 1) and the zinc supplemented rations (Lots 
4 and 5). 

Figure 2 shows the effect of the three levels of calcium on the average 
skin ratings of the pigs. The pigs receiving supplemental zinc were not 
included in figure 2 because no definite lesions were observed in these lots. 
Increasing the level of calcium from 0.5% (Lot 1) to 1.2% (Lot 3) 
greatly increased the incidence and severity of parakeratosis. In Lot 1, 
which was fed the 0.5% level of calcium, definite skin lesions developed in 
only one pig, and its weight gain did not seem to be depressed. Skin lesions 
were evident in some of the pigs receiving the high-calcium ration within 
2 weeks. The animals fed the intermediate level of calcium began to show 
skin lesions, which progressed rapidly in all but one of the pigs, at 12 
weeks on experiment. 
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Effect of the Various Rations Fed on the Zinc Content of Certain Body 
Constituents. Table 3 presents data on the effect of dietary calcium on 
the zinc content of various body constituents. No significant change in 
the zinc content of plasma, skin or intestine was found when the calcium 
content of the ration was increased from 0.5% (Lot 1) to 1.2% (Lot 3). 
Increasing the calcium content of the ration from 0.5% to 0.8% caused 
a significant decrease in the zinc content of the pancreas and still further 
increases in dietary calcium from 0.8% to 1.2% caused a significant 


TABLE 3. EFFECT OF FEEDING VARIOUS LEVELS OF DIETARY CALCIUM 
ON THE ZINC CONTENT OF VARIOUS BODY COMPONENTS 








Difference significant at 











Lot number 1 2 3 5% 1% 

Calcium content of ration, % 0.58 0.88 1.28 

Av. parakeratosis skin rating 
at slaughter 0.8 3.2 5.0 

Number of samples analyzed 6 1 + 

Mean zinc content of: 
Plasma »» © 0.45 0.41 0.38 No significant difference 
Liver 4 135 sot 87 1x2 1x3 
Kidney cortex @ 128 103° 102 1x2. 1x3 
Intestine 4 85 sof 81 No significant difference 
Hair @ 130 122° 88 2x3 1x2 
Pancreas ° 115 95% 125 1x2 2x3 
Skin ° 26 30 24 No significant difference 
Bone * 63 64 44 1x3 2x3 





* Contained 28 ppm of zinc. 

» Collected after pigs were on experiment for 12 weeks. 

¢ Mcg./ml. 

4 Mcg./gm. dry matter. 

© Mcg./gm. fat-free dry matter. 

f Only 3 samples were available for analysis because of death of 1 pig due to parakeratosis. 
£ Comparison between lots. 


increase in the zinc content of the pancreas. There was no significant dif- 
ference in the zinc content of the pancreas of pigs fed the 0.5% or 1.2% 
calcium rations. The pancreas was the only organ studied which showed 
this effect. The explanation may be that the pancreas, an organ which 
normally secretes zinc into the intestine via pancreatic juice, has less 
secretory ability on the highest level of calcium thereby tending to accumu- 
late zinc which otherwise would have been secreted. Further studies of 
the pancrease in relation to parakeratosis would be valuable. When the 
dietary calcium was increased from 0.5% to either 0.8% or 1.2%, there 
was a significant decrease in the zinc content of liver and kidney. Increas- 
ing the calcium content of the ration from either 0.5% or 0.8% to 1.2% 
significantly decreased the zinc content of the bone and hair. The reason 
for no difference in the zinc content of hair and bone between pigs fed the 
0.5% calcium and those fed 0.8% calcium is probably that the pigs fed 
the 0.8% calcium ration did not develop parakeratosis until 12 weeks on 
experiment. Therefore, because the turnover rate of zinc is low in hair and 
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bone (Gilbert and Taylor, 1956), the concentrations in these samples were 
probably deposited before the pigs exhibited parakeratosis. 

Table 4 presents data on the influence of adding various amounts of 
supplemental zinc upon the zinc content of the various body constituents 
studied. No significant increase in the zinc content of the skin was noted 
when the level of supplemental zinc was increased to 1,000 ppm. This 
would seem to indicate that the cause of parakeratosis is not a decrease in 
skin zinc. 


TABLE 4. EFFECT OF FEEDING SUPPLEMENTAL ZINC ON THE ZINC 
CONTENT OF VARIOUS BODY COMPONENTS 


Difference significant at 





Lot number 2 4 5 5% 1% 

Amount of supplemental zinc * 0 100 1000 

Number of samples analyzed 4 5 6 

Av. parakeratosis skin rating 
at slaughter ak 0.0 0.0 

Mean zinc content of: 
Plasma »: ¢ 0.41 0.74 1.05 2x48 2x5 4x5 
Liver 4 sor 188 321 2x4 2x5 4x5 
Kidney cortex 4 103! 164 184 2x4 2x5 
Intestine @ sot 87 96 2x5 
Hair4 122¢ 218 310 2x4 4x5 2x5 
Pancreas ° 95st 199 419 4x5 2x5 
Skin © 30 30 21 No significant difference 
Bone® 64 134 165 2x4 2x5 4x5 





* Expressed as ppm of zinc added. All rations contained 0.8% calcium, 0.5% phosphorus and 
14.5% protein. Ration for Lot 2 contained 28 ppm of zinc. 


» Collected after pigs were on experiment for 12 weeks. 
© Mcg./ml. 

4 Mcg./gm. of dry matter. 

© Mcg./gm. of fat-free dry matter. 

f Only 3 samples were available for analysis because of death of 1 pig due to parakeratosis. 
* Comparison between lots. 


Significant but small increases in intestinal zinc were noted only when 
the level of supplemental zinc was increased to 1,000 ppm. Supplemental 
zinc caused significant increases in plasma zinc, but 1,000 ppm had no 
greater effect than that previously reported by Hoekstra et a/. (1956) when 
500 ppm of supplemental zinc were fed. The data on plasma zinc values 
substantiate the previous conclusion that plasma zinc values are not a good 
diagnostic tool for parakeratosis. Liver, kidney, hair, bone and pancreas 
significantly increased in zinc when the zinc content of the ration was 
increased, but the concentration of zinc in the kidney and bone appeared 
to be at or near saturation values when 100 ppm of zinc were fed. The 
apparent increase in the zinc content of the pancreas when 100 ppm of 
supplemental zinc was fed was not statistically significant. The lack of 
significance probably results from the large variation observed in individual 
samples when supplemental zinc was fed and because there were only three 
samples available for analysis in the non-supplemented lot. The liver, hair, 
and especially the pancreas showed marked increases in zinc when the 
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amount of supplemental zinc was increased from 100 ppm to 1,000 ppm. 
This may indicate that when large dosages of zinc are fed the pancreas 
is an especially important organ of excretion of zinc. 

The ranges of the calcium content of the skin of pigs fed the different 
rations are presented in table 5. Individual variation was large. Skin sam- 
ples with very thick keratinized layers consistently had much more calcium 
than the skin samples with thin keratinized layers including those from 
parakeratotic pigs which were fed high levels of calcium and had lost a 
major portion of the accumulated keratin and those from non-parakeratotic 
pigs. This is undoubtedly a characteristic of the lesion produced and not 
related directly to the calcium intake. The calcium-zinc relationship in 


TABLE 5. THE EFFECT OF VARIOUS LEVELS OF DIETARY CALCIUM AND 
ZINC ON THE CALCIUM CONTENT OF THE SKIN AND THE 
ASH CONTENT OF THE ULNA AND RADIUS 











Lot number 1 2 3 4 5 
Calcium content of the ration, % 0.5 0.8 “We 4 0.8 0.8 
Amount of supplemental zinc # 0 0 0 100 1000 
Av. parakeratosis skin rating 

at slaughter 0.8 3.2 5.0 0.0 0.0 
Number of samples analyzed 6 4 4 5 6 
Calcium content of skin, 

mcg./gm. fat-free D.M. 296-381 267-912 274-940 250-306 205-365 
Ash content of ulna and radius, 

% ash of the fat-free D.M. 63.4 63.3 63.7 63.9 64.1 





a Expressed as ppm of zinc added. Rations in Lots 1, 2 and 3 contained 28 ppm of zinc. 
> Range observed. 


parakeratosis does not appear to be a manifestation of calcium and zinc 
concentrations in the skin. The ash contents of the bones (ulna and radius) 
of the pigs fed the various rations are presented in table 5. There was no 
significant difference. In this experiment 0.5% calcium with 0.53% phos- 
phorus and supplemental vitamin D appeared to be sufficient for maximum 
calcification of bone. Symptoms of zinc toxicity such as decreased bone ash, 
lameness, decreased weight gains and lowered blood hemoglobin concen- 
trations were not observed in the pigs fed either 100 ppm or 1,000 ppm 
of supplemental zinc. 


Discussion 


The data reported here indicate that the feeding of rations with a calcium 
content as low as 0.5% decreased the incidence and severity of para- 
keratosis but did not completely prevent the appearance of the disease. 
This is contrary to the data reported by Tucker (1956) in which he stated 
that he observed no case of parakeratosis in pigs at the Alabama station 
when swine rations contained the National Research Council (1953) 
recommended levels of calcium and phosphorus. The requirement of the 
50-100 lb. pig for calcium as stated by the National Research Council 
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(1953) is 0.65%. The 0.5% level of calcium used in this study is con- 
siderably below this requirement, but seemed adequate because there was 
no decrease in bone ash nor other evidence of rickets. It should be remem- 
bered, however, that the calcium:phosphorus ratio was near optimum and 
that a vitamin D source was added to the ration to meet the requirement 
of vitamin D. Since it is possible that 0.5% calcium may not adequately 
supply the needs of the pig under all conditions and since a definite case of 
parakeratosis was observed-in pigs fed this amount of calcium, it appears 
that limiting the calcium intake is not an ideal method for controlling 
parakeratosis. These data seem to indicate that there are other factors 
causing parakeratosis besides the feeding of excessive levels of calcium. 

Supplementation of the ration with 100 ppm of zinc gave excellent pro- 
tection against parakeratosis in this study. According to previous work 
(Lewis et al., 1956) this amount of zinc is effective in the presence of 
excessive amounts of calcium. No toxic effect of zinc such as decreased 
bone ash, lameness, decreased weight gains or lowered blood hemoglobin 
concentrations was observed when 100 or 1,000 ppm of supplemental zinc 
were fed, thus indicating a large margin of safety in feeding zinc supple- 
ments to swine. By feeding from 0.5% to 1% zinc in the ration of rats 
Sutton and Nelson (1937) and Sadasivan (1951) produced symptoms of 
zinc toxicity. Drinker e¢ a/. (1927) found that mature rats, cats and dogs 
had a great tolerance toward relatively large doses of zinc over extended 
periods of time. Sampson e¢ al. (1942) and Grimmett e¢ al. (1937) have 
reported zinc toxicity in pigs fed a milk ration containing 0.1% additional 
zinc in the form of zinc lactate. The symptoms observed in these studies 
were lameness, arthritis and unthriftiness but no anemia. The reason for 
these discrepancies may be the form of zinc used or the amount of zinc 
fed. It would seem that both forms of zinc, the lactate and sulfate, should 
be absorbed at approximately the same rate because both are very soluble 
in water. High levels of the lactate in the feed may be the cause of the 
symptoms noted but this is not likely. The more probabie reason for the 
discrepancy is the way the level of zinc in the ration was calculated. 
Sampson et al. (1942) and Grimmett e¢ al. (1937) reported that the milk 
fed the pigs contained 0.1% zinc. If this is the case then these pigs would 
be receiving approximately 1% zinc on the dry weight basis. Sampson 
et al. (1942) also reported that pigs weighing 75 to 100 lb. did not develop 
toxicity symptoms from adding 0.1% zinc to a ration of essentially corn, 
soybean oil meal, tankage, and alfalfa meal. Both groups of workers 
stressed the effect of feeding large amounts of zinc to very young growing 
pigs but failed to consider the amount of zinc the pigs received when cal- 
culated on a dry weight basis. It is, however, quite possible that the amount 
of dietary calcium may affect an animal’s tolerance toward zinc such as 
has been shown in the case of lead toxicity (Lederer and Bing, 1940). 
Other factors such as method of feeding may also be important. 

Since the zinc content of the skin is not changed when large amounts 
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of zinc are fed, this study indicates that zinc must be acting in some place 
other than where the primary symptoms of the disease appear. It is im- 
portant to point out, however, that the skin was not separated into dermis 
and epidermis (for separate analysis). The fact that the zinc content of 
hair is markedly affected by dietary zinc is of interest. The lesions of para- 
keratosis are almost entirely confined to the epidermis and are accompanied 
by a pronounced loss of hair. 

It was previously reported that when no supplemental zinc was fed, 
changing the amount of calcium in the ration from 0.8% to 1.4% did not 
significantly change the zinc concentrations in the erythrocytes, blood 
plasma, liver, kidney, spleen, intestine, or pancreas. When 50 ppm of 
supplemental zinc were fed, however, the excess calcium depressed liver 
and kidney zinc values. In the present study when no supplemental zinc 
was fed, it was shown that, by lowering the dietary calcium level to 0.5%, 
increases in the zinc content of liver, kidney, hair and bone were evident 
but the amounts of zinc in plasma, intestine, pancreas and skin were not 
significantly increased. Excessive amounts of calcium probably reduced 
the zinc content of these organs by hindering zinc absorption from the 
gastrointestinal tract. It is not yet known, however, whether the small 
differences in zinc concentrations observed in certain of these organs can 
explain the marked beneficial effect of lowered calcium intake on parakera- 
tosis. It seems doubtful that these small increments could produce the 
tremendous increase in body weight gain and the pronounced decrease in 
incidence and severity of skin lesions. The zinc contents of liver, kidney, 
and blood plasma samples from some pigs making good weight gains and 
showing no evidence of parakeratosis have been as low or lower than the 
average values reported for pigs fed the high calcium ration in this study 
and in previous work. Furthermore, the higher concentrations of zinc 
might be physiologically unimportant. It is likely that none of the body 
components analyzed to date represent the site at which zinc exerts its 
beneficial effect on parakeratotic swine. Perhaps the point of action is in 
the gastrointestinal tract rather than in the body proper. 


Summary 


Decreasing the calcium content of a swine ration containing 28 ppm 
of zinc from 1.2% to 0.5% greatly increased weight gains of pigs and 
decreased the incidence and severity of parakeratotic skin lesions but did 
not completely prevent the appearance of definite skin lesions. Pigs fed 
0.8% calcium developed severe parakeratosis, but the appearance of the 
disease was delayed about 10 weeks when compared to pigs fed 1.2% 
calcium. Decreasing the calcium content of the ration from either 1.2% or 
0.8% to 0.5% eliminated the death loss due to parakeratosis. 

Supplementation of the 0.8% calcium ration with 100 ppm of zinc gave 
pigs excellent protection against parakeratosis and produced weight gains. 
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equal to those achieved on the 0.5% calcium ration. No toxic effect of 
self feeding a ration containing 1,000 ppm of supplemental zinc to growing- 
fattening swine was observed, indicating a large safety factor. Because the 
0.5% calcium ration did not completely prevent parakeratosis and because 
of the possibility of encountering a calcium deficiency, zinc supplementa- 
tion appears to be a much better method of controlling parakeratosis than 
limiting calcium intake below the NRC recommendations. 

No significant increase was noted in the zinc content of plasma, pancreas, 
skin or intestine when the calcium content of the rations decreased from 
1.2% to 0.5%. Decreasing the calcium content of the ration from either 
1.2% or 0.8% to 0.5% caused a significant increase in the zinc content 
of the liver and kidney. When the calcium content of the ration was de- 
creased from 1.2% to 0.8% or 0.5%, there was a significant increase in 
the zinc content of the hair and bone. 

No significant increase in the zinc concentration in the skin, where the 
parakeratotic lesions occur, was noted when the zinc content of the ration 
was increased to 128 or to 1,028 ppm of zinc. However, these amounts of 
supplemental zinc produced varying degrees of increase in the zinc concen- 
tration in pancreas, liver, hair, bone, blood plasma, kidney and intestine. 
It is suggested that none of the body components analyzed represent the 
site at which zinc exerts its beneficial effect on parakeratotic swine. 
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EFFECT OF CALCIUM LEVEL AND TRACE MINERALS ON THE 
RESPONSE OF YOUNG PIGS TO UNIDENTIFIED 
GROWTH FACTORS ! 


J. H. Conrap AND W. M. BEESON * 
Purdue University Agricultural Experiment Station * 


ARIABLE results have been reported when different sources of uni- 
dentified growth factors have been fed to early weaned pigs and to 
growing and finishing swine. Gard et al. (1955) using weanling pigs fed puri- 
fied diets, reported no clear cut evidence that dried brewers yeast, dried 
whey or menhaden fish solubles contained unidentified growth factors; but, 
a grass juice concentrate produced significant growth responses. Noland 
et al. (1955) reported variable results with condensed tuna fish solubles 
but obtained a significant growth response from cod liver mycelium. 
Meade (1956) reported that the addition of several sources of unidentified 
growth factors in pig starters did not result in a consistent increase in gains. 
In contrast, recent studies with chicks (Camp e¢ al., 1956; Morrison e¢ al., 
1956; Supplee et a/., 1956) have shown that several sources of unidentified 
growth factors as well as the ash of these growth factors will stimulate 
growth in chicks when added to purified diets. 

The objectives of this study were: (1) to formulate and test a ‘“‘semi- 
purified” diet suitable for studying various sources of unidentified growth 
factors; (2) to study various levels of minerals as they effect the response 
to unidentified growth factors; (3) to study the effect of various crude 
and pure sources of unidentified growth factors on the young pig. 

This study was composed of five experiments in which early weaned pigs 
21 days of age were fed for a period of 6 to 10 weeks. These pigs averaged 
about 10 lb. initially and were allotted as near as possible according to 
age, litter, sex and liveweight. Two pigs were placed in a 4 by 8 feet con- 
crete floored pen with feed and water supplied ad libitum. The pens were 
bedded with ground corn cobs and cleaned daily. Environmental tempera- 
ture was maintained between 60° and 70° F. and additional heat from 
heat lamps was supplied the first two weeks. Six pigs were fed per experi- 
mental treatment except in Experiment 3. 

1 Contribution from the Department of Animal Husbandry, Journal Paper No. 1069. 

2 The authors wish to express their appreciation to the Brewers Yeast Council, Inc., Chicago, 
Illinois, and to the Brewing Industries Research Institutes, for establishing a grant to assist in the 
financial support of this project. We are also grateful to Cerophyll Laboratories, Inc., Kansas City, 
Missouri; to Distillers Feed Research Council, Cincinnati, Ohio; to Dow Chemical Company, Midland, 
Michigan; to Farm Bureau Milling Company, Hammond, Indiana; to Lederle Laboratories, American 
Cyanamid Company, Pearl River, New York; to Chas. Pfizer and Company, Inc., Brooklyn, New 
York; to Merck and Company, Inc., Rahway, New Jersey; to Midwest Dried Milk Company, Dundee, 
Illinois; and to Western Condensing Company, Appleton, Wisconsin, for products which made this 
investigation possible. Also to Dr. B. B. McHan of the Calcium Carbonate Company, Quincy, Illinois, 


for the calcium, phosphorus and zinc analysis of the rations used in Experiment 4. 
8 Lafayette, Indiana. 
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All pigs were weighed weekly and the final data was analyzed statisti- 
cally by analysis of variance (Snedecor, 1946). When an analysis of 
variance showed statistical significance an L.S.D. was then calculated. 


Experimental Procedure 
Feeding Trials 


Experiment 1. Thirty Duroc pigs 3 weeks of age were allotted to 5 lots 
of 6 pigs each. Average initial weight 12 lb. The experimental treatments 


TABLE 1. COMPOSITION OF SEMI-PURIFIED RATION # 


Ingredients Percent 
Isolated soybean protein” 25.0 
Glucose (Cerelese) ¢ 31.38 
Corn starch¢ S137 
Corn oil (Mazola) ¢ 5.0 
Cellufiour 4 3.0 
DL-methionine 0.25 
Minera! mixture ® 4.0 


Trace mineral mixturef + 
Vitamin mixture a. 
Antibiotic ® + 


Total 100.00 

4 This ration contains the following by chemical analysis: protein, 20.2%; moisture 8.99; ether 
extract, 5.0%; fiber, 2.2% calcium, 0.68%; phosphorus, 0.58%; zinc, 28 p.p.m. Ten p.p.m. of 
the zinc is from the trace mineral mix. 

» Protein in the ration was reduced to 16% when the pigs averaged 40 lb. by adding only 20% 
of Drackett. Drackett C-1 Assay, the Drackett Products Company, Cincinnati, Ohio. 

¢ Corn Products Refining Company, Argo, Illinois. 

4 Chicago Dietetic Supply Company, Chicago, Illinois. 

€ Mineral mixture supplied the following percent of the ration: Iodized NaCl, 0.5; CaHPOs,, 2.0; 
CaCOs, 0.5; KCl, 0.5; and KHePOs, 0.5. 

tf Trace minerals added in grams per 100 lb. of ration: MgSOs-3H20, 100; Fes(P207)s:9H20, 
40; MnCle-4HeO, 6; CuSOs.-5H2O, 2.0; CaFe, 1.0; CoSOs.-7H2O, 0.1 and ZnO, 0.6. 

£ Vitamins added in mg. per pound of ration: Thiamine HCl, 3.0; riboflavin, 4.0; niacin, 15.0: 
calcium pantothenate, 10.0; pyridoxine HCl, 1.5; choline chloride, 600; para-aminobenzoic acid; 
4.0; biotin, 0.1; inositol, 50; folic acid, 2.0; ascorbic acid, 50; mixed tocopherols, 15.0; 2-methyl-1, 
4-naphthoquinone, 1.0. Other vitamins added were: vitamin Biz, 20 micrograms per pound; vitamin 
A acetate, 2,000 IU per pound; vitamin De, 200 IU per pound and vitamin Ds, 200 IU per pound. 

h Chlortetracycline HC] was added to supply 25 mg. per pound. 


were as follows: Lot 1—Vitamin test casein basal, Lot 2—Isolated soy pro- 
tein basal, Lot 3—Soy protein basal+-1.5 times the vitamins in basal, Lot 4 
—Soy protein basal+1.5 times the trace minerals in basal, and Lot 5—Soy 
protein basal+3% each of condensed fish solubles, distillers dried solu- 
bles, grass juice, dried whey product and 1% of a fermentation residue. 
Changes in the ration fed in Experiment 1 that are different than the 
ration as given in table 1 are as follows: (1) all rations contained 1.06% 
calcium, 0.68% phosphorus and glucose (Cerelose) was the only source of 
carbohydrate; (2) 24% vitamin test casein replaced the soy protein in 
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Lot 1; (3) sources of unidentified growth factors were added at the ex- 
pense of the glucose in Lot 5. 

All pigs were fed their respective rations for 70 days. 

Experiment 2. Since a combination of five growth factors and extra 
trace minerals produced a growth response, it was necessary to determine 
which of these factors were responsible for this increase in rate of gain. 

Fourteen Duroc pigs 21 days of age were allotted to one of seven treat- 
ments two pigs per treatment. The pigs averaged 11 Ib. initially and the 
experimental procedure followed was very similar to that outlined in 
Experiment 1. Ten days after the Durocs were started on experiment, 28 
Chester White pigs 21 days of age were allotted to the same seven treat- 
ments as the Durocs. The basal ration was the same as that given in table 1 
except that 1% of calcium carbonate was added which increased the cal- 
cium level to 1.06%. 

The experimental treatments were as follows: Lot 1—Isolated soy 
protein basal (1.06% Ca), Lot 2—Basal plus 1.5 times the trace minerals 
in the basal (Lot 1), Lot 3—Basal plus 3% condensed fish solubles, Lot 
4—Basal plus 3% distillers dried solubles, Lot 5—Basal plus 3% grass 
juice concentrate, Lot 6—Basal plus 3% dried whey product, and Lot 7— 
Basal plus 1% fermentation product. 

All sources of unidentified growth factors were added singly and replaced 
an equal amount of glucose and corn starch in the ration. 

During the experiment some of the pigs failed to grow. There appeared 
to be a definite relationship between the experimental treatment and the 
rate of gain. The differences in rate of gain were first attributed to uni- 
dentified growth factors, but later a skin condition appeared which was 
definitely diagnosed as parakeratosis. Fifty-six days after the Durocs were 
started on experiment several changes were made in the experimental diets 
in order to alleviate the parakeratosis symptoms. The calcium level of 
the ration was reduced from 1.06% down to 0.68% and the phosphorus 
in the ration was reduced from 0.68 down to 0.58%. Zinc in the form of 
zinc oxide was added which raised the total zinc from 28 p.p.m. to 72 
p.p.m. 

Three weeks after the Chester Whites were started on experiment a 
skin rash began to appear which was later diagnosed as parakeratosis. The 
Chester Whites were kept on experiment for forty days then the unidenti- 
fied growth factor experiment was terminated and all pigs showing definite 
parakeratosis lesions were re-allotted to another experiment for a para- 
keratosis study. 

Experiment 3. One litter of nine Duroc pigs was born off-season and 
eight of these pigs were used in a “pilot” experiment to test certain dietary 
changes. The pigs were 18 days of age and averaged nine pounds initially. 

The experimental treatments were as follows: Lot 1—Isolated soy pro- 
tein basal containing 0.68% calcium, Lot 2—Soy protein basal (0.68% 
calcium) plus 1.5 times the trace minerals added in Lot 1, Lot 3—Soy 
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protein basal containing 1.06% of calcium, and Lot 4—Soy protein basal 
(1.06% calcium) plus 1.5 times the trace minerals added in Lot 3. 

The high calcium basal was formulated by adding 1% of calcium car- 
bonate which added 0.38 lb. of calcium to the ration fed in Lot 1. The 
isolated soy protein basal was the same as that given in table 1 and con- 
tained 28 p.p.m. zinc. 

Experiment 4. Seventy-two Duroc pigs three weeks of age were used in 
this experiment to study the interrelationship between calcium level and 
the response to different sources of unidentified growth factors. Twelve 
lots of six pigs each were fed for 63 days. 

The experimental treatments were as follows: Lot 1—Low calcium 
basal containing 0.68% of calcium, Lot 2—High calcium basal containing 
1.06% of calcium, Lot 3—Low calcium basal plus 100 p.p.m. zinc, Lot 
4—High calcium basal plus 100 p.p.m. zinc, Lot 5—Low calcium basal 
plus 5% brewers yeast, Lot 6—High calcium basal plus 5% brewers yeast, 
Lot 7—Low calcium basal plus 5% distillers solubles, Lot 8—High calcium 
basal plus 5% distillers solubles, Lot 9—Low calcium basal plus 5% dried 
whey, Lot 10—High calcium basal plus 5% dried whey, Lot 11—Low 
calcium basal plus 5% fish solubles, and Lot 12—High calcium basal plus 
5% fish solubles. 

The basal ration contained 28 p.p.m. zinc of which 10 p.p.m. was added 
zinc. All sources of unidentified growth factors were added to replace 2.5% 
of corn starch and 2.5% of glucose. The low calcium basal ration fed in 
Lot 1 was the same as the ration shown in table 1 and the high calcium 
basal ration fed in Lot 2 was formulated by adding 1% of calcium car- 
bonate to the Lot 1 ration. 

Experiment 5. Thirty-six Duroc pigs three weeks of age were used in 
this experiment to study the effect of various sources of growth factors and 
pepsin when added to a basal ration containing 0.68% calcium and 72 p.p.m. 
zinc. 

The experimental treatments were as follows: Lot 1—Low calcium soy 
protein basal containing 0.68% calcium, Lot 2—Basal plus 0.25% pepsin, 
Lot 3—Basal plus 300 mg. of adenosine per kilogram of ration, Lot 4— 
Basal plus divalonic acid (MK91, Merck), Lot 5—Basal plus 15 p.p.m. 
bromine, and Lot 6—Basal plus 5% brewers yeast. 


Results 


Experiment 1. Five sources of unidentified growth factors (Lot 5) in- 
creased gains 54% (table 2) and extra trace minerals (Lot 3) increased 
gains 35% when compared to the lot fed the soy protein basal (Lot 2). 
These differences were both highly significant (P<0.01). Extra vitamins 
(Lot 3) failed to increase gains. Pigs fed the casein basal (Lot 1) gained 
40% faster than those fed the soy protein basal and this difference was 
highly significant (P<0.01). 
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TABLE 2. RESULTS OF EXPERIMENT 1—ADEQUACY OF BASAL RATION 
(SIX PIGS PER LOT FED FOR 70 DAYS) 











Av. Av. Av. Av. 
Lot initial final daily daily Feedper 
no. Ration wt. wt. gain@ feed Ib. gain 
Ib. Ib. Ib. lb. lb. 
1 Casein basal» 1207 90.3 bt2"* oot 2.4 
2 Soy protein basai» it.7 61.3 0.71 2.0 2.9 
3 Soy basal+-1.5 x vitamins $3.7 60.3 0.70 2.0 2.9 
4 Soy basal+1.5 < trace min. 11.8 87.2 1.08** 2.6 2.4 
5 Soy basal+-5 growth factors ¢ 11.8 97.5 1.23" 3.0 2.4 





** Significant at the 1% level from the soy protein basal. 
aL.S.D. at P<0.05=0.23; and at P<0.01=0.34. 
> Basal rations contained 1.06% calcium and glucose (Cerelose) was the only source of carbo- 
hydrate. 
¢ See table 3 for amounts and sources of growth factors. 


Parakeratosis developed in three pigs fed the soy protein basal (Lot 2) 
and three pigs on the soy protein basal plus extra vitamins (Lot 3). 
Experiment 2. Extra trace minerals, distillers dried solubles, grass juice 


TABLE 3. RESULTS OF EXPERIMENT 2—EFFECT OF CALCIUM, ZINC AND 
VARIOUS GROWTH FACTORS (DUROC PIGS—2 PER LOT— 
INITIAL WT. 11 LB.) 

















First phase @ Second phase” 
56 days Effect of Ca and 
Zn adjustment 
Effect of 14 da. 14 da. 
growth factors before after 
Lot Av. final Av. da. Av.da. Av. da. 
no. Ration wt. gain gain gain 
Ib. Ib. Ib. Ib. 
1 Soy protein basal 46.8 0.63 0.16 .84 
2 Basal+1.5 trace min. in 1 64.8 0.95 0.95 1.59 
3 Basal+3% fish solubles¢ 46.8 0.64 0.27 
4 Basal+3% distillers solubles 4 70.8 1.07 1.07 ye 
5 Basal+3% grass juice® 61.7 91 1.03 1.45 
6 Basal+3% dried whey f 45.8 .62 0.27 ; 
7 Basal+1% fermentation product & 67.5 1.00 0.93 1,3 





* First phase of experiment the basal ration contained 1.06% calcium and 28 p.p.m. zinc (10 p.p.m. 
added). Equal parts of glucose and corn starch served as the carbohydrate. 

> After the calcium and zinc adjustment in the second phase of the experiment the basal diet con- 
tained 0.68% calcium and 72 p.p.m. zinc (54 p.p.m. added). 

© Menhaden fish solubles supplied by J. Howard Smith, Inc., Port Monmouth, New Jersey. 

4 Distiller dried solubles supplied by Distillers Feed Research Council, Cincinnati, Ohio. 

© Grass juice concentrate supplied by Cerophyll Laboratories, Inc., Kansas City, Missouri. 

£ Dried whey product, 50% lactose supplied by Western Condensing Company, Appleton, Wisconsin. 

® A fermentation product “Vigofac” containing purified extractives from streptomyces fermentation 
and dried streptomyces meal, supplied by Chas. Pfizer and Co., Terre Haute, Indiana. 


§ 
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TABLE 4. RESULTS OF EXPERIMENT 2—EFFECT OF VARIOUS GROWTH 
FACTORS (CHESTER WHITE PIGS, 4 PER LOT, 40 DAYS) 
No. 
Av. Av. Av. para- 
Lot initial final daily Feed per keratotic 
no. Ration wt. wt. gain Ib. gain pigs 
lb. lb. Ib. Ib. 
1 Soy protein basal @ 10.5 35.4 0.62 2.47 3 
2 Basal+1.5 X trace mineral in 1 10.5 40.2 0.74 2.24 2 
3 Basal+3% fish solubles 10.8 35.5 0.62 2.42 2 
4 Basal+ 3% distillers solubles ¥ 10.5 44.0 0.84 2.10 1 
5 Basal+ 3% grass juice” 10.5 50.5 1.00 2.25 1 
6 Basal+3% dried whey » 10.7 32.6 0.55 2.39 3 
7 Basal+1% fermentation product» 10.4 47.4 0.93 1.94 0 





a Basal ration contained 1.06% calcium and 28 p.p.m. zine (10 p.p.m. added). 
> See footnote table 3 


concentrate and a fermentation product stimulated gains (table 3 and 4) 
and gave definite protection against parakeratosis. In contrast, fish solu- 
bles and dried whey were without effect. The fermentation product was 
the only source of unidentified growth factors which gave complete pro- 
tection against parakeratosis. 

Increased zinc (54 p.p.m. added) and reduced calcium (1.06% down 
to 0.68% ) stimulated gains when added to all of the different experimental 
rations although not all pigs showed external signs of parakeratosis. 

Experiment 3. High calcium (1.06%) greatly reduced gains (table 5) 
and produced severe parakeratosis symptoms as compared to a low level 
of calcium (0.68% ). After 7 days the pigs on high calcium (Lots 3 and 4) 
were scouring but the feces of pigs on low calcium (Lots 1 and 2) were 
normal. This scouring persisted throughout most of the experiment. Gains 
of the pigs fed high calcium were reduced after 14 days on experiment. 
The pigs on high calcium (Lot 3) averaged 20 Ib. after 28 days and only 


TABLE 5. RESULTS OF EXPERIMENT 3-—-EFFECT OF CALCIUM LEVEL 
(DUROC PIGS, INITIAL AGE 18 DAYS, ON EXPT. 55 DAYS) 


No. 





Av. Av. Av. para- 
Lot initial final daily Feed per keratotic 
no. Ration wt. wt. gain Ib. gain pigs 
lb. Ib. lb. Ib. 
1 Soy protein basal (0.68% Ca) 9 73 1.16 2.06 0 
2 Lot 1+1.5 trace min. in 1 9 64 0.99 1.90 0 
3 Soy protein basal (1.06% Ca) » 9 23 0.25 3.85 Zz 
4 Lot 3+1.5 X trace min. in 1» 9 69 125 1.89 0 





« These pigs were all littermates and there were 2 pigs per treatment. 
» One percent of calcium carbonate added 0.38 Ib. of calcium to the ration in Lots 3 and 4. 











MINERALS AND UNIDENTIFIED FACTORS FOR PIGS 595 


22.5 lb. after 55 days. Severe parakeratosis symptoms were apparent in 
these pigs (figure 1). Extra trace minerals, when added to either the low 
calcium ration (Lot 2) or the high calcium ration (Lot 4), resulted in 
normal gains and no parakeratosis. 

Experiment 4. The effect of zinc and four different sources of unidenti- 
fied growth factors when added to rations containing two levels of calcium 
are summarized in table 6. The level of calcium greatly effected the growth 
factor response. Pigs fed the low calcium basal (Lot 1) gained 23% faster 
than those fed the high calcium basal (Lot 2). Zinc reduced this difference 


24 36 48 60 72 
| 















































Figure 1. Pigs were littermates from Experiment 3 and were 73 days old. Pig 
on left with parakeratosis was fed 1.06% calcium for 55 days and weighed 
22 lb. pig on right was fed 0.68% calcium and weighed 73 lb. Zinc level was the 
same (28 p.p.m.). 


in gains between calcium levels to 2.7%, brewers yeast 14%, whey 10%. 
In comparison, when distillers solubles or fish solubles were added the 
pigs gained slightly faster on the high calcium ration. A zinc analysis of 
the rations fed showed that the difference in response due to the calcium 
level could not be due to the added zinc with the exception of possibly 
fish solubles. 

Zinc, distillers solubles and fish solubles gave complete protection against 
parakeratosis in this experiment while brewers yeast and dried whey gave 
partial protection. Two pigs fed the high calcium basal (Lot 2) developed 
parakeratosis. One case was very severe and the pig gained only 13.5 Ib. 
in 63 days. Two other pigs fed high calcium rations developed parakeratosis, 
one that had been fed brewers yeast and the other had been fed whey. 

Additions of zinc, brewers yeast, distillers solubles, whey and fish solu- 
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bles increased gains from 6 to 16% when added to the low calcium basal 
but from 17 to 45% when added to the high calcium basal. The percent 
increase from adding zinc and unidentified growth factors to the low 
calcium (0.68%) and to the high calcium (1.06%) rations were, respec- 
tively: zinc, 11 and 33%; brewers yeast, 9 and 17%; distillers solubles, 
16 and 45%; whey, 13 and 27%; fish solubles, 6 and 33%. Differences 


TABLE 6. RESULTS OF EXPERIMENT 4—iNTERRELATIONSHIP BETWEEN 
CALCIUM LEVEL AND RESPONSE TO UNIDENTIFIED GROWTH 
FACTORS (SIX PIGS PER LOT FED FOR 63 DAYS) 


Av. 4 





Av. Av. 
Lot initial final daily Feed per 
no. Ration wt. wt. gain® Ib. gain Zinc” 
Ib. Ib. lb. Ib. p.p.m. 
1 Low Ca basal (0.68% Ca) 10.1 74.7 1.62* 2.4 28 
2 High Ca basal (1.06% Ca) 10.1 62.4 0.83 2.7 28 
3 Low Ca+zinc (100 p.p.m.) 9.8 80.8 Las°* 2.3 105 
4 High Ca+zinc (100 p.p.m.) 9.9 79.5 as 22 105 
5 Low Ca+5% brewers yeast ¢ 10.1 80.0 ar rae) 30 
6 High Ca+5% brewers yeast 9.9 71,3 0.97 2.3 30 
7 Low Ca+5% distillers solubles4 11.0 85.2 148°" 2:3 31 
8 High Ca+5% distillers solubles 11.0 86.8 | ping 22 31 
9 Low Ca+5% dried whey & 11.1 83.3 145°" 2:3 26 
10 High Ca+5% dried whey mA 77.3 1.05* 2.4 26 
11 Low Ca+5% fish solublest 11.0 79.3 1.08* 233 60 
0 RS.3 ‘.4s** 2.4 60 


12 High Ca+5% fish solubles iN: 





* Significant at the 5% level from the high calcium basal. 
** Significant at the 1% level from the high calcium basal. 
aL.s.D. at P<0.05=0.19; and at P<0.01=0.26. 
>» Zinc content as determined by chemical analysis. High zinc in the ration supplemented with 
fish solubles may possibly be due to contamination from shipping barrel. 
¢ Dried brewers yeast supplied by Brewers Yeast Council, Inc., Chicago, Illinois. 
4 See footnote table 3. 
© Sweet dried whole whey supplied by Midwest Dried Milk Co., Dundee, Illinois. 
f Lassen process condensed fish solubles from Van Camp Laboratories, San Pedro, California, 
supplied by Farm Bureau Milling Company, Hammond, Indiana. 


between the high calcium basal (Lot 2) and all other treatments except 
the low calcium basal (Lot 1), the high calcium plus brewers yeast (Lot 6) 
and the high calcium plus dried whey (Lot 10) were highly significant 
(P<0.01). The difference between the basal lots (Lot 1 and 2) was sig- 
nificant (P<0.05). 

Experiment 5. The results of adding various sources of growth factors 
and pepsin to a ration containing 0.68% calcium and 72 p.p.m. zinc are 
summarized in table 7. Good gains were obtained with the basal ration 
used in this experiment. As a result, gains were not increased by the addi- 
tion of pepsin, adenosine, divalonic acid, bromine or 5% of dried brewers 
yeast. 


a: 


TN as ad eee 
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Discussion of Results 


These data indicate that feeding a ration containing 1.06% of calcium 
influenced the rate of gain by producing parakeratosis. The animals 
developing parakeratosis exhibited symptoms as described by Kernkamp 
and Ferrin (1953). The parakeratosis symptoms could be prevented or 
alleviated by feeding a ration which contained 72 or 100 p.p.m. of zinc 
as reported by Tucker and Salmon (1955). Different sources of unidenti- 
fied growth factors gave definite protection against the occurrence of 


TABLE 7. RESULTS OF EXPERIMENT 5—EFFECT OF VARIOUS SOURCES 
OF GROWTH FACTORS AND PEPSIN (SIX PIGS PER LOT FED FOR 
49 DAYS) 








Av. Av. Av 





Lot initial final daily Feed per 
no. Ration wt. wt. ga. Ib. gain 
Ib Ib lb. Ib. 

1 Soy protein basal® 10.7 58.3 0.97 1.97 

2 Basal+-pepsin (0.25%) » 10.9 55.8 0.92 2.05 

3 Basal+-adenosine (300 mg./kg.) ¢ 10.4 58.6 0.98 2.19 

4 Basal+divalonic acid 4 10.7 59.1 0.99 2.03 

5 Basal+bromine (15 p.p.m.) & 10.8 $537 0.91 2.14 

6 Basal+5% brewers yeast‘ 11.0 56.3 0.92 2.14 





® Basal ration fed contained 0.68% calcium and 72 p.p.m. of zinc. 

b Added as Pep-Swin (4000:1) supplied by American Cyanamid Co., New York, New York. 

¢ Added as adenosine from the Nutritional Biochemicals Corporation, Cleveland, Ohio. 

4 Supplied as MK91 premix (Merck & Co., Inc., Rahway, New Jersey) at the level of 200 mg. 
premix per kg. of ration. 

¢ Bromine added as sodium bromide. 

f See footnote table 6. 


parakeratosis when added to a ration containing 28 p.p.m. of zinc and 
1.06% calcium. In Experiment 1, a combination of five sources of uni- 
dentified growth factors gave complete protection against the occurrence 
of parakeratosis. When these same growth factors were added singly in 
Experiment 2, a fermentation product gave complete protection while grass 
juice concentrate and distillers dried solubles gave partial protection. 
In contrast, the addition of a dried whey product and fish solubles gave no 
protection against the occurrence of parakeratosis. In Experiment 4, the 
addition of zinc, distillers dried solubles and fish solubles gave complete 
protection against parakeratosis but brewers yeast and dried whey gave 
only partial protection. Fish solubles was the only source of unidentified 
growth factors that contributed an appreciable amount of zinc. Distillers 
solubles added only 3 p.p.m. zinc but yet it gave complete protection 
against the occurrence of parakeratosis. Therefore, it would appear that 
factors other than zinc contributed by certain sources of unidentified growth 
factors prevented the occurrence of parakeratosis. 

Throughout these experiments there was a definite relationship between 
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the level of calcium, the incidence of parakeratosis and the response to 
the addition of various sources of unidentified growth factors. It was also 
noted that definite parakeratosis symptoms did not begin to appear on 
these pigs until they had been on experiment four or five weeks. However, 
a depression in the rate of gain was noted two or three weeks before 
definite parakeratosis lesions began to appear. Therefore, if these pigs 
had been removed from experiment after five weeks (when they were 
eight weeks of age), the gains would have been depressed, yet definite 
parakeratosis lesions may not have been present. The effect of calcium and 
zinc level on unidentified growth factor response may explain a part of 
the variability reported from feeding various sources of unidentified 
growth factors. Hanson et al. (1955) reported that dried whey, fish solu- 
bles, and a fermentation product increased average daily gains 18, 14 
and 23%, respectively, when added to a ration containing 1.02% calcium. 
In contrast, Meade et al. (1956) reported that dried whey, fish solubles 
and a fermentation product increased average daily gains 19, 5.2 and 
10.3%, respectively, when added to a ration containing 0.74% calcium. 
Both fed young pigs weaned at three weeks of age for five weeks. 

In Experiment 5, adenosine, divalonic acid, bromine or 5% of brewers 
yeast failed to stimulate the rate of gain. The basal ration contained 0.68% 
calcium and 72 p.p.m. of zinc. Therefore, this level of calcium and zinc 
may explain a part of the reason as to why the added factors did not 
stimulate gains. In the previous experiments in which a response from 
unidentified growth factors was obtained the high level of calcium acted 
as a stress factor and in this experiment the calcium factor was eliminated. 
There appears to be no good explanation as to why adenosine and bromine 
failed to stimulate gains. Barnett et al. (1956) reported adenosine and 
Huff et al. (1956) as well as Bosshardt et al. (1956) reported that bromine 
stimulated chick growth so it was assumed that both may possibly stimu- 
late gains in young pigs fed similar rations. 

An antibiotic, chlortetracycline HCl, was fed at a level of 25 mg. per 
pound in all 5 experiments. When the calcium level was high and parakera- 
tosis was a factor the antibiotic apparently had little or no effect on the 
response to unidentified growth factors. However, in Experiment 5 when 
a low level of calcium was fed the feeding of antibiotic may have eliminated 
a part of the unidentified growth factor responses since Barnett and Bird 
(1956) reported that 50 mg. per kg. of chlortetracycline reduced the 
response of chicks to dried whey and liver residue by 50%. 

Under the conditions of this experiment, gains were not increased when 
pepsin was added to the low calcium basal diet as reported by Baker 
et al. (1956). 


Summary 


The greatest response from the addition of unidentified growth factors 
was obtained with a high calcium (1.06%) ration. High levels of calcium 
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apparently acted as a stress factor as well as the predisposing factor in 
the production of parakeratosis. 

Additions of zinc, brewers yeast, distillers solubles, whey and fish 
solubles increased gains from 6 to 16% when added to the low calcium 
basal (0.68%) but from 17 to 45% when added to the high calcium basal 
(1.06%). 

Either low levels of zinc or a combination of low levels of zinc and fac- 
tors other than zinc contributed by various sources of unidentified growth 
factors studied prevented or greatly reduced the incidence of parakeratosis 
and thereby increased the rate of gain. 

A semi-purified low calcium (0.68%) ration containing 72 p.p.m. zinc 
resulted in good gains and was not improved by the addition of pepsin, 
adenosine, divalonic acid, bromine or dried brewers yeast. 

These data indicate that a part of the variability obtained by feeding 
various sources of unidentified growth factors to pigs is due to an imbalance 
of known minerals, namely, calcium and zinc. 
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SUPPLEMENTARY PLANE OF NUTRITION FOR SOWS FED 
CORN SILAGE! 


C. W. JoHNson, V. C. SPEER, G. C. AsHton,? C. C. CULBERTSON AND 
D. V. CATRON 


Towa Agricultural Experiment Station * 


URING the 1930’s Iowa swine producers reported feeding a limited 

amount of corn silage to pregnant sows. Terrill e¢ a/. (1953) reported 
that grass-legume silage preserved with sodium bisulfite was not palatable, 
but that grass legume silage preserved with ground shelled corn was 
platable and produced satisfactory farrowing results when adequately 
supplemented. Conrad and Beeson (1954) fed grass-legume or corn silage 
to sows during gestation and reported that either silage, when adequately 
supplemented with protein, vitamins and minerals, produced satisfactory 
farrowing results. Later work by Conrad and Beeson (1955) showed that 
sows fed corn silage during gestation farrowed 1.4 to 2.1 more pigs per 
litter than sows on the basal ration. Johnson (1956) observed that a daily 
ration of 12 lb. of corn silage and 2 Ib. of a 35% protein supplement did 
not provide adequate energy to maintain body weight in pregnant sows 
and gilts; however, supplementing corn silage with 3 or 3.5 lb. daily of 
a 20% protein corn silage balancer produced an average daily gain during 
gestation of 0.8 lb. per day and satisfactory farrowing results. 

Mitchell e¢ a/. (1931) demonstrated that the food demands of the preg- 
nant sow, so far as the products of embryonic growth and other products 
of conception are concerned, are largely protein and mineral matter. They 
also observed that the extra food demands for fetal growth are confined 
largely to the last half, or even last third, of the gestation period. 

This experiment was designed to study the effect of different planes of 
nutrition on reproduction when feeding corn silage to sows and gilts in 
dirt dry lot. 


Experimental Procedure 


The sows and gilts in the breeding pool which were a Duroc Jersey X 
Poland China Landrace cross were kept in a lean condition by limiting 
their feed intake. Two weeks prior to breeding, the ration was increased 


1 Journal Paper No. J—3088 of the Iowa Agricultural Experiment Station, Ames, Iowa. Project No. 
959. 

2 Present address: Department of Physics, Ontario Agricultural College, Guelph, Ontario, Canada. 
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so that they were gaining weight at breeding time. At this time the animals 
were divided into twe groups of sows and two groups of gilts; all animals 
were bred by the pasture mating system (the boar was with the females dur- 
ing the daytime) and the breeding date of those observed bred was recorded. 
After the desired number of females had been bred, during a 14 to 21 day 
period, the four groups were combined into two groups, one of sows and 
one of gilts, then allotted to their respective ration treatments. This pro- 
cedure was followed using the same four Hybrid boars during each of the 
four breeding periods from April through September of 1955. 


TABLE 1. TWENTY PERCENT PROTEIN CORN SILAGE BALANCER 








Ingredients 
Yellow corn, ground, lb. 820 
Wheat standard middlings, Ib. 100 
Molasses (cane), Ib. 100 
Meat and bone scraps, (50% protein), lb. 300 
Solvent soybean oil meal (44% protein), lb. 300 
Dried distillers solubles, lb. 50 
Dehydrated alfalfa meal, Ib. 200 
Dicalcium phosphate, Ib. 70 
Iodized salt, Ib. 20 

Trace minerals mixture (CCC swine) ,* lb. 8 


Vitamin antibiotic premix 


Vitamin A, million I.U. 4.1 
Vitamin D, million I.U. 70) | 
Riboflavin, grams 3.8 
Pantothenic acid, grams 21.6 
Niacin, grams 27.2 
Choline chloride, grams 19.0 
Vitamin Bis, grams 53.4 
Antibiotic,» grams 26.6 


Calculated analysis 


Protein, % 21.2 
Fat, % 3.4 
Fiber, % 5:3 
Calcium, % Te 
Phosphorus, % ey! 
Vitamin A 

Pro Vitamin A, I.U./Ib. 5410 

Vitamin A, 1.U./Ib. 2043 
Vitamin De, 1.U./Ib. 1067 
Riboflavin, mg./Ib. 3:5 
Pantothenic acid, mg./Ib. 15.8 
Niacin, mg./Ib. 28.2 
Choline, mg./Ib. 532 
Vitamin B12, mcg./Ib. 26.7 
Antibiotic,” mg./Ib. 13.3 





Trace mineral mixture (CCC swine) contained Fe (7.0%), Cu (0.475%), Co (0.166%), Mn 
(5.9%), Zn (0.450%), Ca (14.2%), K (0.750%). 
» Oxytetracycline. 
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The group of sows and gilts which will be called the EVEN group was 
fed 12 lb. of corn silage per head daily and 2.95 and 3.20 lb., respectively, 
of a 20% protein corn silage balancer (table 1) from breeding to the 110th 
day of gestation. The other group of sows and gilts which will be called 
the LOW-HIGH group was fed the same amount of corn silage daily, but 
2.50 and 2.75 lb. of the 20% protein corn silage balancer during the first 
two-thirds of gestation and 3.75 and 4.55 lb. of the same balancer during 
the last one-third of gestation respectively. The feeding systems were 
planned so that both the EVEN and the LOW-HIGH groups would be 
fed the same total amount of corn silage and balancer during the gestation 
period. 

The corn silage used in this experiment was made from corn which 
would yield about 60 bushels of corn per acre. It was ensiled in upright 
silos when the plants were still green. Analysis of the silage after 60 days 
storage indicated that it contained the following per lb. on an air dry 
basis: riboflavin 0-43 mg.; niacin 10.3 mg.; pantothenic acid 2.04 mg.; and 
18,000 I.U. vitamin A activity. 

The sows and gilts were individually weighed at the end of the breeding 
period, when the average of each lot was two-thirds through gestation and 
at the 110th day. They were weighed again four days after farrowing. 

The baby pigs were individually weighed before they were 24 hours 
old and again when they were four days old. Weights were recorded to 
the nearest 0.1 Ib. All pigs below 2.0 lb. were sacrificed at birth. 

On the 110th day of gestation the females were brought from the field 
to the farrowing unit, thoroughly washed with soap and warm water and 
sprayed with a benzene hexachloride solution. They were moved from the 
washing pens into a farrowing stall where they had free access to water 
and were fed a 16% protein lactation ration twice daily. The females were 
not removed from the farrowing stall until they were weighed on the 
fourth day. 


Results and Discussion 


The average daily gain during the gestation period for the sows and 
gilts on the EVEN feeding system was 0.66 and 0.82 lb. respectively, 
whereas the average daily gain for the sows and gilts on the LOW-HIGH 
feeding system was 0.82 and 0.83 Ib., respectively, (table 2). The average 
weight loss, from the 110th day of gestation to the fourth day after far- 
rowing, for the sows and gilts on the EVEN feeding system was 43.1 and 
37.8 lb., respectively, while the average weight loss for the same period 
of the sows and gilts on the LOW-HIGH feeding system was 49.1 and 
39.2 lb. respectively, (table 2). This increased loss in weight for the 
sows and gilts on the LOW-HIGH feeding system may be largely due to 
the increased litter size and weight and the increased accompanying prod-. 
ucts of embryonic growth. 
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TABLE 2. SUMMARY OF THE AVERAGE AMOUNT OF CONCENTRATES FED 
DAILY AND THE AVERAGE CHANGES IN BODY WEIGHT OF FEMALES 
FED TWO PLANES OF NUTRITION 

















Sows Gilts 
Even Low-high Even Low-high 
Item feeding feeding feeding feeding 
No. of females 29 23 30 30 
First 24 gestation 
Days in period 65:.5 58.5 65.5 58.5 
Daily gain (Ib.) 0.61 0.83 0.80 0.69 
Concentrates (Ib./day) @ 2 230 322 275 
Last 1% gestation 
Days in period 41.4 45 42.0 39.2 
Daily gain (Ib.) 0.73 0.81 0.91 1 
Concentrates (Ib./day) ® 2.95 3.75 3.2 4.55 
Total gestation 
Daily gain (lb.) 0.66 0.82 0.82 0.83 
Total gain (Ib.) 70.0 82.5 84.1 80.9 
Concentrates (Ib./day) ® 2.95 3.05 #2 3.45 
Weight loss 
110th day gestation to 4th 
day after farrowing (Ib.) 43.1 49.1 37.8 39.2 





aEach sow or gilt was fed 12 lb. of corn silage daily in addition to the 20% protein corn silage 
balancer. 


The 29 sows on the EVEN feeding system farrowed an average of 11.4 
pigs per litter while the 23 sows on the LOW-HIGH feeding system far- 
rowed an average of 12.8 pigs per litter or an increase of 1.4 pigs per 
litter. The 30 gilts on the EVEN feeding system farrowed an average of 
10.2 pigs per litter while the 30 gilts on the LOW-HIGH feeding system 


TABLE 3. FARROWING SUMMARY OF SOWS FED TWO PLANES OF 

















NUTRITION 
Sub-group comparisons Main comparisons 
Even Low-high 
Item Sows Gilts Sows Gilts Even vs. low-high Sows vs. gilts 
No. of litters 29 30 23 30 59 53 52 60 
Litter wt., Ib. 32.6 28.4 35:59. 31.6 30.50 33.75 34.34 30.0 
No. pigs farrowed 11.42 10.15 12.83 11.69 10.79 12.268 12.13. 10.92 
Pig birth wt., lb. 2.86 2.80 2.80 4.71 2.83% 2.76 2.83" 2.76 
No. live pigs farrowed 10.91 9.63 12,46: 73.304 10.27 11.64 11.54 10.37 
Visual classification 
of pigs farrowed % 
Strong 71.8 68.8 65.8 67.0 70.3 66.4 68.8 67.9 
Medium 8.7 13.0 10.9 15.8 10.8 13.4 9.8 14 4 
Weak 15.0 13.0 18.1 12.2 14.0 15.1 16.5 12.6 
Dead 4.5 $.2 3:2 5.0 4.9 5.4 4.9 5.1 





® Difference statistically significant at P<0.05 or less. 
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farrowed an average of 11.7 pigs per litter on an increase of 1.5 pigs pel 
litter (table 3). This increase of 1.4 and 1.5 pigs per litter for sows and 
gilts respectively on the LOW-HIGH feeding system was significant 
(P<0.05) and may have been the result of a more favorable uterine en- 
vironment which resulted in a higher percentage of embryo survival as 
demonstrated by Self et a/. (1955). 

The average birth weight of pigs farrowed by sows on the EVEN feeding 
system was 2.86 lb. and for the LOW-HIGH feeding system 2.80 lb. The 
average birth weight of pigs farrowed by gilts on the EVEN feeding 
system was 2.80 lb. and for the LOW-HIGH feeding system 2.71 lb. 
Although the pigs farrowed by EVEN fed animals were significantly heavier 
(P<.05), the average increase of 0.07 lb. each for pigs farrowed is small 
and may have been an effect of the smaller number of pigs per litter on 
the EVEN feeding system. 


TABLE 4. SUMMARY OF THE LITTERS AT 4 DAYS OF AGE FROM SOWS 
FED TWO PLANES OF NUTRITION DURING GESTATION 

















Sub-group comparisons Main comparisons 
Even Low-high 
Item Sows Gilts Sows Gilts Even vs. low-high Sows vs. gilts 

No. of litters 28 27 19 29 55 48 56 47 
No. litters lost * 1 3 4 1 4 5 4 5 
Litter weight, lb. 40.60 33.20 39.63 36.94 36.90 38.90 40.12 35.07 
Pig wt., Ib. 4.29 3.96 4.14 3.82 4.13 3.98 4.24 3.89 
No. pigs living 9.50 88.27 9.58 9.71 8.89 9.65 9.54 8.99 
Pig mortality, % 17.01 17.31 25.80 17.39 17.16 21.59 21.40 27.35 





a Litters were lost because sows developed mastitis. 


The proportion of strong pigs farrowed by sows and gilts on the EVEN 
feeding system was 6.0 and 1.8 percentage points higher, respectively, than 
sows and gilts on the LOW-HIGH feeding system. These differences were 
not statistically significant (P>.05). There did not appear to be any 
difference due to treatment in the percent of pigs classified as medium, 
weak or dead (table 3). There was no observed farrowing difficulty in this 
experiment. 

During this experiment which involved 112 females only four litters 
of less than eight pigs each were farrowed. Johnson (1956) summarized 
the 1954 farrowing records of 231 sows and gilts from the same herd and 
found that 50 litters of less than eight pigs each were farrowed. These 
sows and gilts were self-fed a bulky ration containing either 25% ground 
alfalfa hay or 25% ground corn cobs. 

There was little difference in the 4-day-old pig weights due to the sys- 
tem of feeding (table 4). The pigs from the sows and gilts on the EVEN 
feeding system weighed 4.29 and 3.96 lb., respectively, while the pigs 
from the LOW-HIGH feeding system weighed 4.14 and 3.82 Ib., respec- 
tively. Although the average pig weight from the EVEN fed sows and 
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gilts was 0.15 and 0.14 lb. heavier, respectively, these differences were not 
significant (P>.05); 0.09 and 0.05 Ib. of this increase can be accounted 
for by the increased birth weight. It would appear that a high plane of 
nutrition during the last one-third of gestation -had little influence on 
early milk production. 

A multiple farrowing system, whereby sows and gilts were bred every 
5 weeks as described earlier, showed that as the season progressed towards 
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*Points not included in 1955 average 
Figure 1. The effect of season and temperature on the percent of sows which 
farrowed of those that were bred. 


late summer the percentage of bred females that farrowed decreased; 91% 
of the sows and gilts bred in late May and early June farrowed, 79% for 
the late June and early July breeding, 72% for August and 60% for 
September breeding (figure 1). Johnson (1956) summarized breeding and 
farrowing records from the same herd for the year 1954 and observed a 
similar decrease in the percentage of bred females that farrowed. 

The continued decline may have been the result of an accumulative 
heat effect as the months of July and August recorded higher mean tem- 
peratures than September. This condition corrected itself with the onset 
of cooler fall weather. There was no visible evidence in this herd which 
would indicate whether this effect was mediated through the sires or the 
dams. However, work by Casady e¢ al. (1955) with dairy bulls has shown 
a decrease in live sperm count per ml. of semen after bulls were exposed 
to temperatures of 105° F. El-Shiekh and Casida (1955) demonstrated 
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that when rabbit bucks were exposed to high temperatures they became 
less fertile. 

There was no adverse effect observed from feeding corn silage; even on 
the low part of the LOW-HIGH feeding system the sows appeared to be 
in good health. At times, small amounts of moldy silage was fed without 
apparent ill effects. 


Summary 


In this gestation experiment, involving 52 sows and 60 gilts fed in dirt 
dry lot, satisfactory farrowing results were obtained when 12 Ib. of corn 
silage per sow per day was supplemented with a 20% protein corn silage 
balancer containing carbohydrates, protein, vitamins, minerals, and anti- 
biotics. The 112 females farrowed an average of 11.53 pigs per litter with 
an average pig birth weight of 2.80 lb. Only four litters were farrowed 
of less than eight pigs. 

LOW-HIGH (low the first two-thirds and high the last one-third of 
gestation) system of feeding from breeding to farrowing produced 1.41 
more pigs per sow litter and 1.54 more pigs per gilt litter, when compared 
to an EVEN system of feeding. These differences were statistically sig- 
nificant (P=.05 or less). 

There was little or no difference in the early milk production due to 
gestation treatment as determined by the pig gains during the first four 
day after farrowing. 

As the summer progressed towards fall, the percentage of females that 
farrowed of those which were bred decreased through September. This 
condition corrected itself with the onset of cooler fall weather. The decrease 
in conception rate may have been the result of a heat accumulative effect 
on the sows and/or boars. 
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PROTEIN LEVELS FOR GROWING BOARS ON PASTURE AND 
CONCRETE DRYLOT? 


V.C. SPEER, E. L. LAstey,? G. C. ASHTon,® L. N. HAzet AND D. V. CATRON 
Iowa Agricultural Experiment Station * 


SUMMARY of feed consumption data (Lasley and Hazel, 1953) for 
77 growing boars fed individually and 72 growing-finishing barrows 
and gilts of similar breeding fed in groups of 4 showed that the boars 
consumed a higher proportion of supplement to shelled corn when fed 
free choice. If true protein needs are reflected by self-selection, these 
data suggest that boars require about three percentage units more protein 
in their rations than do the other sexes. Knowledge of the specific pro- 
tein requirements of boars is desirable in view of this evidence and the 
increased interest in evaluation of boars at central testing stations. 
This paper summarizes an experiment designed to determine the 
optimum level of protein for growing boars fed on pasture and in concrete 
drylot. 


Experimental Procedure 


Animals. Three replications in a 2x2x6 factorial arrangement involving 
two breeds (36 Poland China and 36 Landrace boars), two locations (pas- 
ture and concrete drylot) and 6 levels of protein were used in this experi- 
ment. The average weight and age of the 72 weanling boars was 29.4 lb. 
and 50.3 days, respectively. Each boar was removed from the experiment 
at an approximate liveweight of 195 lb. 

A littermate pair was allotted at random to a protein level with one 
member randomly assigned to pasture and the other to concrete. 

Management. All the boars were maintained in individual pens. The 
boars fed on pasture were confined in portable units described by Ashton 
et al. (1955). These units were moved to fresh alfalfa pasture three times 
each week. The boars fed on concrete were confined in a partially shaded 
concrete enclosure similar in area and shape to the pasture units. 

Boars fed on concrete were hand watered three times daily, and those 
on pasture were automatically self-watered. The 6 pelleted rations, which 
were self-fed, were calculated to contain 10, 13, 16, 19, 22 or 25% protein. 
Composition of the rations containing 10% and the 25% of crude protein 
are shown in table 1. The level of protein assigned to a pig remained the 
same throughout the experiment. 

1 Journal Paper No. J-3177 of the Iowa Agricultural Experiment Station, Ames, Iowa. Project No. 
930, and Project No. 1127. 

2 Present address: Department of Animal Science, University of Illinois, Urbana. 


® Present address: Department of Physics, Ontario Agricultural College, Guelph, Canada. 
* Department of Animal Husbandry. 
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Analysis of Data. The analysis of variance procedure is shown in 
table 3. All references made to statistical significance relate to P=0.05. 


Results and Discussion 
Initial to 56-Day Feeding Period. The daily gains for the first 56 days 
of the test are summarized in table 2 by location and protein level. Neither 
the differences between breeds nor the interactions involving breeds reached 
statistical significance. The average daily gain of 1.50 lb. for the boars fed 


TABLE 1. COMPOSITION OF RATIONS 








Protein level? 








Ingredients 10% 25% 
Gr. yellow corn 83.1 43.1 
Cane molasses 5.0 5.0 
Solvent soybean oil meal (44% protein) 1.0 41.5 
Meat and bone scraps (50% protein) 2-5 2:5 
Condensed fish solubles 3.0 3.0 
Dried whey 2.5 2.5 
Calcium carbonate (38% Ca) 0.35 0.85 
Dicalcium phosphate (26% Ca, 18% P) 1.0 
Iodized salt 0.5 0.5 
Trace mineral mix» 0.05 0.05 
Vitamin-antibiotic premix ° 1.0 1.0 
100.0 100.0 





a Protein levels were varied by adjusting the corn and soybean oil meal. A constant level of 0.7% 
calcium and 0.55% phosphorus was maintained. 

> The trace mineral mixture supplied the following elements in p.p.m.; Fe, 35; Cu, 2.4; Co, 0.8; 
Mn, 30; and Zn, 2.2. 

¢ Vitamins and antibiotics were added to supply the following per lb. of ration; vitamin A, 2500 
1.U.: vitamin De, 400 I1.U.; riboflavin, 1.6 mg.; calcium pantothenate, 6.0 mg.; niacin, 20.0 mg.; 
choline, 660 mg.; vitamin Biz, 5.0 mcg.; chlortetracycline HCl, 5.0 mg. 


on pasture was statistically superior to that of 1.39 lb. for those on con- 
crete. Much of the average difference of 0.11 lb. was due to the poor 
growth of the boars fed 10 and 13% protein rations on concrete. The 
location < level of protein interaction, however, failed to reach significance. 
A marked improvement in gain occurred as the level of protein in the 
ration was increased from 10 to 19%. Levels of protein above 19% when 
averaged for the two locations failed to improve gains, and in fact, gains 
were depressed at the 25% protein level. This quadratic response in daily 
gain proved to be statistically significant. 


Initial to 195-lb. Feeding Period 
The over-all summary of gains, feed efficiencies and live probes of 
backfat are presented in table 2. The boars fed 10% protein performed 
poorly and this protein level was discontinued after 56 days on test. 


3 
4 
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TABLE 2. SUMMARY OF MEANS FOR DAILY GAIN, FEED PER POUND 
GAIN AND LIVE PROBE 








Protein level, % 





Item Location 10 13 16 19 22 25 





56 day feeding period 


Daily Concrete 0.73 434 1.60 1.66 }.72 4 

gain (lb.) Pasture 1.06 1.44 1.56 1 Bey 1.68 1.54 
Total feeding period 

Daily Concrete Des 1.28 1.68 1.66 1.74 1.65 
gain (Ib.) Pasture tees 1.68 1.69 1.76 1.66 1.64 

Feed/Ib. Concrete Rater 3.29 2.82 2.76 2%2 240 
gain (Ib.) Pasture er 2.69 2.62 2.54 2.68 2.58 

Live probe Concrete ate 3.6 3.0 3.2 2.9 38 
(av. shoulder Pasture Pa. 332 3.2 2.9 2.8 2.4 


and loin, cm.) 





Average daily gains were 1.66 and 1.63 lb. and average live probes were 
3.10 and 2.95 cm. for the Poland China and Landrace boars, respectively. 
These differences were not statistically significant. The difference between 
average feed per lb. of gain for Poland China, 2.80 lb., and for Landrace, 
2.68 lb., was statistically significant. 

On the average, considering both pasture and concrete drylot data 
together, gains and feed efficiencies improved as the protein level was 
increased from 13% to 19% and then decreased for the higher protein 


TABLE 3. ANALYSES OF VARIANCE OF GAINS, FEED PER POUND GAIN, 
AND LIVE PROBE 








Total feeding period 














56-day period Mean square 
Source of Degreesof Mean Degreesof Daily Feed/Ib. Live 
variation freedom —__ square freedom gain gain probe 
Replication Z 0.0177 2 0.0052 0.0252 0.0852 
Breed 1 0.0832 1 0.0209 0.2136 0.3527 
Protein 5 1.1099 4 0.1038 0.2451 0.6922 
Breed X protein 5 0.1046 4 0.0188 0.0336 0.1839 
Error (a) 22 0.0548 18 0.0163 0.0395 0.2039 
; Location 1 0.2162 1 0.0944 0.8120 0.8167 
Location X breed 1 0.0277 1 0.0049 0.0042 0.0807 
Location X protein 5 0.0681 4 0.1083 0.1373 0.2721 
Location X protein 
s x breed 5 0.0252 2 0.0248 0.0327 0.1661 
@ Error (b) 24 0.0406 184 0.0114 0.0509 0.2022 





8 «8 Two degrees of freedom lost for estimating 2 missing values. 
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rations. This trend was largely the result of the poor performance of 
boars fed the 13% protein ration on concrete. This interaction of protein 
level X location was statistically significant for both daily gain and feed 
efficiency. A separate analysis for pasture-fed boars showed no difference 
between protein levels on gain or feed per lb. gain, while a significant 
quadratic effect was noted for the boars fed in concrete dry lot on gain 
and feed per lb. gain. A comparison of the responses between locations 
for the boars receiving 16, 19, 22 and 25% protein showed the daily gains 
to be nearly the same. However, the boars on pasture fed levels of protein 
above 13% were more efficient than the boars fed on concrete, and re- 
quired 0.14 Ib. less feed per Ib. of gain. This difference was significant. 
The above protein level<location interaction leads to the conclusion 
that the available pasture had a greater effect at the lower level of protein, 
as evidenced by the 0.4 lb. improvement in daily gain and 0.6 lb. less feed 
per lb. of gain shown by the 13% protein group of pasture-fed boars 
compared to the 13% of protein for boars not on pasture. Visual observa- 
tion showed that the group of boars fed the 13% protein ration grazed 
the pasture more than did the other groups. 

Live probe backfat measurements which were made on each boar at 
two points (shoulder and loin) decreased significantly as the protein level 
increased. This linear response was observed previously by Ashton et al. 
(1955a) with barrows and gilts. 

The over-all average feed efficiency for all the boars except the 13% 
group fed on concrete was 2.68 lb. per lb. of gain. This excellent feed 
conversion is attributed in part to sex difference, to minimum wastage due 
to pelleting of the complete rations and possibly to reduced activity of 
animals penned singly. 

Though no direct comparison was made between the performance of 
barrows and gilts vs. boars, the results of previous work at this station 
with barrows and gilts (Catron et al., 1952, Jensen et al., 1955, Speer et al., 
1956) indicate that they require less protein in their diet than did the 
boars on the present experiment. Over-all comparisons from weaning to 
market weight showed that barrows and gilts made satisfactory gains on 
a complete ration containing 12% protein under either drylot or pasture 
conditions, while 13% protein was inadequate for boars fed on concrete 
in this experiment. This sex difference was noted in the data of Lasley and 
Hazel (1953). It was observed that barrows and gilts fed shelled corn 
and a 35% balanced supplement, free-choice, consumed a ration that 
averaged 12% protein from weaning to market weight. The calculated 
protein content of the rations fed to boars of similar breeding averaged 
15%. 
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Summary 


Seventy-two weaniing boars divided equally between two breeds were 
individually fed complete pelleted rations containing 10, 13, 16, 19, 22 or 
25% protein from a beginning weight of approximately 30 lb. to 195 Ib. 
One of each littermate pair was fed on alfalfa pasture and the other on 
concrete. Both members of the pair were fed the same level of protein. 

Weight gains after 56 days on test showed an improvement with in- 
creasing levels of protein up to the 19% level when averaged for both the 
groups on pasture and concrete, but a depression at the highest level of 
protein. This quadratic response was shown to be statistically significant. 
The response to 10% protein was so poor that this protein level was dis- 
continued after 56 days of the test period. 

The results from 30 to 195 lb. live weight showed that a 13% ration 
was adequate for boars fed on legume pasture, but inadequate for con- 
crete drylot feeding. There were only small differences between the groups 
fed 16, 19, 22 or 25% protein whether on concrete or pasture with respect 
to final gains. An average saving of 0.14 lb. feed per lb. gain was realized 
under pasture feeding conditions, which was a significant difference for 
the average of the above 4 protein levels. 

Backfat thickness, measured by live probe, decreased as level of protein 
was increased. This proved to be a significant linear relation. 
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RELATIONSHIPS BETWEEN PLASMA, LIVER AND DIETARY 
TOCOPHEROL IN CALVES, LAMBS AND PIGS? 
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HILE considerable information describing the biochemical, histo- 
logical, and physiological changes occurring in tocopherol deficiency 
of farm animals and poultry has appeared in the literature (Miner, 1949; 
Blaxter and Brown, 1952; Ames, 1956), insufficient data were available to 
quantitatively relate these changes to tocopherol intake or tocopherol 
status. Recently, the feasibility of using the relation of tocopherol tissue 
concentrations to tocopherol dosage in estimating availability of tocopherol 
from various sources has been demonstrated in the rat by Bolliger and 
Bolliger-Quaife (1955), and in the chick by Bunnell (1955b), and suggested 
by the data of Bratzler et a/. (1950) in swine and Mason (1942) in rats. 
In addition, the possibility of relating plasma tocopherol concentration to 
tissue tocopherol concentration as an estimate of tocopherol status of the 
animal was indicated by the data of Bolliger and Bolliger-Quaife (1955), 
Bunnell et al. (1956), and Bratzler et al. (1950). Therefore, the primary 
objectives of this study were to explore possible relationships of plasma 
and liver tocopherol concentrations to tocopherol intake and secondarily to 
determine other possible relationships of biochemical and physiological 
changes associated with the level of dietary tocopherol using calves, lambs, 
and pigs as the experimental animals. 


Experimental Procedure 


Animals and Rations. Eight 1-day old calves (2 Ayshire males, 1 Guern- 
sey male, 3 Holstein males and 1 female and 1 Jersey male) from the Uni- 
versity of Connecticut herd were placed on experiment during the period 


1 This investigation was supported in part by funds from the Chas. M. Cox Co., and Chas. H. Hood 
Dairy Foundation, Boston, Mass., and the Big-Y-Foundation, Norwich, Conn. We are grateful to 
Dr. P. L. Harris, Distillation Products Industries, Rochester, N. Y. for supplying the tocopherol 
supplement, to Dr. M. Hochberg, Nopco Chemical Co., Harrison, N. J. for the vitamin A supplement, 
to Dr. Ralph Elliott, Am. Cyanamid Co., Pearl River, N. Y. for the B-complex vitamins fed to the 
swine, to the Floridin Co., Tallahassee, Fla., for the Florex used in the analyses of tocopherol, and 
to R. Thoms, College of Pharmacy, Univ. of Conn., for loan of the electrocardiograph. B. A. 
Donohue, T. Watts and F. Kadupski ably fed and cared for the animals. Don Grant gave considerable 
technical assistance with the lambs and A. P. Grifo with the pigs. Mrs. Mae Miller and Mrs. Elaine 
Trantum aided in calculation and preparation of the data. We are indebted to Dr. H. J. Fisher, 
Conn. Agr. Expt. Sta., New Haven, for the proximate analyses of the feedstuffs. 

2 Present address: University of Minnesota, St. Paul, Minn. 

8 Present address: Chas. M. Cox Co., Boston, Mass. 

4 Present address: Gillette Safety Razor Blade Co., Boston, Mass. : 

5 A cooperative project involving the Animal Industries and Animal Diseases Departments of the 
Storrs (Conn.) Agr. Expt. Sta. and the Statistics Dept. (G. Beall) of the University of Connecticut. 
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July-August, 1955. After a preliminary feeding period of 35 days each calf 
was fed an intake of a basal ration (vitamin A depletion ration, a mixture 
by weight of one-third of dried beet pulp and two-thirds of a grain mixture 
composed of the following: 419.5 lb. ground barley, 500 lb. crimped oats, 
500 lb. wheat bran, 150 Ib. linseed oil meal—expeller process, 150 lb. soy- 
bean oil meal—solvent process, 200 Ib. cane molasses, 40 lb. 500-potency 
B-Y dried fermentation solubles, 20 lb. steamed bone meal, 20 Ib. iodized 
salt, and 0.5 Ib. irradiated yeast—Standard Brands type 9-F, per ton of 
mixture, which was also relatively low in tocopherol content) to give an 
aniticipated 7-day increase in live weight of 10 lb. (Rousseau et al., 1954). 
Beginning on the 64th day of age, each calf was given 20 mcg. per Ib. of 
live weight per day of vitamin A from a dry carrier (NOPCAY “10” Type 
IV, Lot V 3581, a mixture of naturally occurring vitamin A esters, 10,000 
U.S.P. units per gram) and one of four levels, 0.0, 1.0, 3.0, or 9.0 mg. per 
Ib. of live weight per day of tocopherol from a dry carrier (Myvamix, 
d-a-tocopheryl acetate absorbed on soybean flakes, 20,000 I.U. per Ib.). 
Calculation of the amount of vitamin supplements and the method of in- 
corporating these supplements into the depletion ration were similar to 
those previously reported (Rousseau e¢ al., 1954); except that 1.0 lb., con- 
sisting of the depletion mixture and vitamin supplements, was fed first in 
the a.m. and when the calf had completely consumed this portion, the 
remainder of the depletion ration allowance was given. After 12 consecutive 
7-day periods on this feeding regime, the comparison period, each calf was 
slaughtered. 

Sixteen weanling lambs (2 females and 14 wethers from western ewes 
and mutton type rams), born in the early spring, were obtained from North 
Central Massachusetts in May, 1956. After worming with a mixture of 
copper sulfate and nicotine sulfate and shearing, they were placed in indi- 
vidual pens and were fed the same basal ration as the calves. The initial 
rate of feeding was 0.043 Ib. per Ib. of live weight per day and this allow- 
ance was increased 5% per 7-day period thereafter. After three 7-day 
periods on the basal ration alone, the lambs were then fed the vitamin A 
and tocopherol supplements for 12 consecutive 7-day periods at the same 
levels and in essentially the same manner as the calves. Upon completion 
of 12 consecutive 7-day periods, the lambs were slaughtered. 

Sixteen weanling Yorkshire barrows from the University of Connecticut 
herd, averaging 67 days of age (range 65-69), were placed two to a pen 
during September—October 1956. Each barrow, separated from his pen- 
mate during feeding by a hurdle, was fed a basal ration consisting of, per 
ton of mixture, 1503.25 lb. yellow corn meal, 420.82 Ib. soybean oil meal 
(solvent process), 20 lb. steamed bone meal, 20 Ib. ground limestone, 20 
Ib. iodized salt, 0.75 Ib. irradiated yeast (Standard Brands, Type 36—F 
containing 16 million I.U. of vitamin D per lb.) , 2.0 lb. Fortafeed (Lederle’s, 
containing 2,000 mg. riboflavin, 9,000 mg. niacin, 4,000 mg. pantothenic 
acid, 10,000 mg. choline chloride, and 60 mg. folic acid per Ib.), 8.81 lb. of 
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choline supplement (Lederle’s, containing 25% by weight of choline 
chloride) 1.0 lb. Profactor B (Lederle’s, containing 10 mg. vitamin By». per 
Ib.), 2.78 Ib. Aurofac 2—A (Lederle’s, containing 3.6 g. chlortetracycline 
per Ib.), 0.05 Ib. CuSO4-5H2O, 0.19 Ib. FeSO,, 0.24 lb. MnSO,-H,0, 
0.10 Ib. ZnCOs, and 0.002 Ib. CoSO,:7H.2O. Each pig was fed this ration 
at an initial rate of 0.05 lb. per lb. of live weight per day and the daily 
allowance was increased at successive 7-day periods by 0.4 lb. After four 
7-day periods, vitamin A (Nopcay “250” Type M, Lot V6659, 250,000 
U.S.P. units per gram) and tocopherol were added to the ration in essen- 
tially the same manner as for the calves and lambs. After 12 consecutive 
7-day periods, the barrows were slaughtered. 

Observations and Analyses. All feeds fed and refused were weighed to 
the nearest 0.1 lb. Live weights to the nearest pound were recorded at the 
start of the experiment and at successive 7-day periods thereafter. Venous 
blood samples, obtained by jugular puncture, were taken the day prior to 
the addition of the vitamin supplements and thereafter at consecutive 
7-day periods for the calves and 14-day periods for the lambs. Blood 
samples from the pigs were obtained from the tail at successive 28-day 
periods, except that the last sample taken prior to slaughter, was obtained 
from the anterior vena cava. Total tocopherol concentration of lamb plasma 
was determined without saponification by the method of Quaife and 
Harris (1944) and Quaife and Biehler (1945). Calf and pig plasma was 
analyzed in essentially the same manner except saponification by the 
method of Swick and Baumann (1952) was employed prior to extraction 
with Skellysolve B. Plasma vitamin A was determined by the Kimble 
(1939) procedure. 

During the twelfth 7-day period of feeding the vitamin supplements, 
each animal was placed in a metabolism crate for three days. On the second 
and third days, 24-hour urine collections were made to determine pre- 
formed creatinine and total creatinine by means of the Jaffe reaction (Hawk 
et al., 1954). The urine was diluted with water and aliquots representing 
0.25 ml. urine for preformed creatinine and 0.1 ml. for total creatinine 
determinations were used for development of the creatinine picrate color 
for subsequent reading in an Evelyn photoelectric colorimeter. Electro- 
cardiographic intervals (using the three standard limb leads, Dukes, 1955) 
were recorded on these two days with a Viso-Electrocardiette, Model 51 
(Sanborn Co., Cambridge, Mass.). To obtain satisfactory recordings in 
the case of the lambs, it was necessary to restrain them on their right sides 
on a wooden table. 

At slaughter the liver was removed, ground in a Hobart food chopper. 
and samples were held at O° F. for analyses. Total tocopherols and lipids 
were determined by a modification (Bunnell, 1955a) of the method of 
Quaife and Harris (1948). The molecular distillates were chromatographed 
on Floridin (Florex, XXS, 60-90 mesh, Floridin Co., Tallahassee, Fla:) 
to remove interfering compounds, e.g. steroids and carotenoids (Brown, 
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1952) rather than employing selective hydrogenation (Quaife and Harris, 
1948). Vitamin A was determined by a modification of the Gallup-Hoefer 
procedure (Bunnell e¢ al., 1954). For histologic study the following tissues 
were taken from the ruminants: brain, rumen, reticulum, omasum, abo- 
masum, duodenum, ileum, cecum and colon, adrenal, pituitary and thyroid 
glands, left ventricle of the heart, the parotid gland and duct, testis and 
penis or ovary, uterus and cervix, optic nerve, bilateral portions of the 
supraspinatus, psoas major, semimembranosus and quadriceps femoris 
muscles. Similar sections were taken from swine except for anatomic dif- 
ferences. Tissues were fixed in 10% formol-saline or Bouins’ fixative. After 
fixation tissues were embedded in paraffin, cut at six microns and stained 
by hematoxylin and eosin. Masson’s trichrome stain was employed for 
additional studies of the endocrine glands. 


TABLE 1. CHEMICAL ANALYSES OF RATIONS AND SUPPLEMENTS 








Percent of dry matter 


Percent — - 
dry Crude Ether Crude 





matter protein extract fiber N.F.E. Ash Carotene 
mg./Ib. 
Basal ration 
Calves and 90.58 15.76 2.38 12.80 62.49 6.81 0.09 
lambs +0.978 +0.18 +0.11 +0.49 +0.62 +0.12 +0.03 
Pigs 91.31 20.26 3.85 k iy 5 66.74 5.93 0.39 
+0.46 20.18 ) 20°42 +0.04 +0225). 0502 +0.04 
Tocopherol 
supplement 92.74 52.00 19.95 2.42 28.35 6.27 





® Standard error of the mean. 


Samples of the basal rations and vitamin supplements were obtained at 
approximately 4 week periods and analyzed for proximate constituents 
according to A.O.A.C. (1955) procedures, table 1. The concentration of 
vitamin A and vitamin E in the dry carriers was checked periodically 
throughout the course of the experiments. The vitamin A was determined 
by a modification of the A.O.A.C. (1955) procedure for fish liver oils 
(Anonymous, 1951 and 1955). The tocopherol concentrate was extracted 
by boiling for one-half hour, under reflux, 0.5 gm. of sample with 75 ml. 
of purified Skellysolve B. After cooling to room temperature the mixture 
was transferred to a 250 ml. volumetric flask, made up to volume and 
allowed to stand in the dark for 1 hour. A 10 ml. aliquot was then analyzed 
by employing the saponification and chromatographic procedure of Eggitt 
and Ward (1953) except that the Emmerie-Engel reaction was read at 
the end of a 15 sec. interval as in the method of Quaife and Harris (1944). 
The vitamin A dry carrier fed to the calves and lambs contained an average 
of 3.06 mg. of vitamin A (as alcohol) per gram and that fed to the swine 
70.37 mg. The tocopherol carrier contained an average of 36.50 mg. of 
d-a-tocopheryl acetate per gram. 
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Statistical procedures as outlined by Cochran and Cox (1950) and 
Snedecor (1956) were used in the analyses of the data. 


Results and Discussion 


Feed Consumption and Live Weight Increases. Calves readily consumed 
their ration allowance; however, some feed refusals occurred in the case 
of the lambs during extremely hot weather and in the case of the pigs dur- 
ing the latter part of the comparison period. Only a few refusals were ob- 


TABLE 2. EFFECT OF GRADED LEVELS OF TOCOPHEROL ON PLASMA 
TOCOPHEROL AND VITAMIN A CONCENTRATIONS 














Milligrams of tocopherol 
added to basal ration 








per lb. of liveweight per day Standard 
—_—_———— deviation of 

0.0 1.0 3.0 9.0 an animal 
———__—_____—_-mg./100 ml. 


Plasma tocopherol 
Calves 


Initial value 0.098 0.068 0.110 0.112 0.025 
Comparison period av.-actual O.002 (05306 0.427 OFF78 | sacks 
Comparison period av.-log 0.718 1.474 1.622 1.662 0.117 
(actual x 100) 
Lambs 
Initial value 0.063 0.070 0.060 0.06 0.021 
Comparison period av.-actual 0.064 0:248. 0.194 0.245 = asses 
Comparison period av.-log L064 «625156 «2.270 2.575 0.074 
(actual X 100) 
Pigs 
Initial value 0.103 0.084 0.088 0.080 0.028 
Comparison period av.-actual 0.412 .0:316. 0.373. OA00 © canis. 
Comparison period av.-log 0.995 1.486 1.543 1.666 0.074 
(actual Xx 100) 
————-mcg./100 ml————_———_—__- 
Plasma vitamin A 
Calves 
Initial value 16.1 9.4 13.4 17.0 as 
Comparison period av. 21.4 23:5 22.4 25:2 sus 
Comparison period av. adjusted 
for initial value 21.6 21.8 24.1 24.9 2.2 
Lambs 
Initial value 30.4 27.4 28.0 25.0 7.6 
Comparison period av. 30.5 26.4 30.7 35:7 8.4 
Comparison period av. adjusted 
for initial value 28.3 26.6 30.4 37.9 6.8 
Pigs 
Initial value 14.7 16.4 14.1 17.2 2.0 
Comparison period av. 28.1 27.6 26.7 30.6 ‘3 


Comparison period av. adjusted 
for initial value 
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served for the vitamin supplements which were fed in a small amount of 
the basal rations prior to feeding the remainder of ration allowance. 
Thus the amounts of vitamin A and tocopherol added to the basal ration(s) 
per unit of live weight were inappreciably affected. 

The average initial live weight with the standard deviation per animal 
in Ib. was for the calves 137+32, for the lambs 48+2 and for the pigs 
75+5. Average daily gains during the 12 week vitamin supplement period 
were respectively 1.45+0.16, 0.26+0.11 and 1.47+0.08. Tocopherol intake 
was found to have no measurable effect on level of daily gain. 

Plasma and Liver Tocopherol and Vitamin A Concentrations. Comparing 
the 1.0, 3.0 and 9.0 mg. tocopherol intake groups, the average response of 
plasma tocopherol during the comparison period, especially in the case of 
the calves and lambs, appeared to diminish in magnitude with increases in 
tocopherol intake, table 2. Therefore, to quantitatively express this rela- 
tionship, linear regressions of plasma tocopherol on the logarithm of 
tocopherol intake were indicated (Almquist, 1953). In contrast, liver 
tocopherol concentrations increased proportionately with tocopherol intake, 
table 3. Thus this relationship would be expressed as linear regressions of 
liver tocopherol on actual tocopherol intake. 

The variation in response of both plasma and liver tocopherol concentra- 
tions was found to increase with increases in tocopherol intake. Therefore, 
these response criteria were transformed to their respective logarithms 
(base 10) for the purpose of minimizing differences in the variation asso- 
ciated with tocopherol intake, thereby meeting the assumption of equal 
variance for analysis of variance procedures. Linear regression coefficients 
of log (mg. tocopherol per 100 ml. plasma times 100) on log-log (mg. 
tocopherol intake times 10) with their standard errors were for the calves 
0.66+0.15, for the lambs 0.75+0.05, and for the pigs 0.66+0.16. Similar 
coefficients for log (mg. tocopherol per 100 g. liver times 100) on log (mg. 
tocopherol intake) were respectively 0.42+0.02, 0.65+0.05, and 0.52+ 
0.03. The percent of variability of these criteria among added levels of 
tocopherol accounted for by these regression coefficients was, respectively, 
for log (plasma) 94.6, 99.5, and 94.7 and for log (liver) 99.9, 95.6, and 
95.9. It should be noted that similar transformation of both variables does 
not change the functional form of the relationship; e.g. actual plasma 
tocopherol on log (tocopherol intake) is equivalent to the same degree 
polynomial function, first degree or linear function, as log (plasma to- 
copherol) on log-log (tocopherol intake). In the case of the pigs, the fit 
of log (plasma tocopherol) on log (tocopherol intake) was slightly superior 
(98.0% versus 94.7%), however, the diminishing return function was 
accepted. 

These data are in agreement with those for rats (Bolliger and Bolliger- 
Quaife, 1955) in that both plasma and liver tocopherol concentrations of 
calves, lambs, and pigs indicated tocopherol intake quantitatively. Also 
these criteria would appear to be of potential use in comparing the bio- 
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TABLE 3. EFFECT OF GRADED LEVELS OF TOCOPHEROL ON LIVER 





Milligrams of tocopherol 
added to basal ration 




















per Ib. of liveweight per day Standard 
_—— - deviation of 
0.0 1.0 3:0 9.0 an animal 
—— - gm, —— --———_-—-— 
Liver weight 
Calves 2308 2130 2074 2371 313 
Lambs 586 495 549 542 98 
Pigs 1499 1328 1432 1520 108 
— ——-— gm./100 gm.———___——_- 
Liver lipids 
Calves 4.12 3.89 3.68 3.74 0.22 
Lambs 4.22 4.26 3.75 3.84 0.34 
Pigs 4.07 4.36 4.09 3.96 0.19 
—_——___—_—_———————- mg./100 gm.—______—_—_- 
Liver tocopherol 
Calves 
Actual 0.228 1.284 2.074 Biwiee | heeeaas 
Log (actual x 100) 1.356 2.108 2.316 2.508 0.130 
Lambs 
Actual 0:394 0.9017 1.35 a) a a 
Log (actual x 100) 1.510 1.956 2 2.576 0.152 
Pigs 
Actual O490 (1.8270 250% 4.300 ss... 
Log (actual x 100) 1.608 2.147 2.296 2.640 0.078 
————————— mcg./100 gm.—_—_-—-—__-— 
Liver vitamin A 
Calves 
Actual 1389 1666 1664 1345 356 
Adjusted® 1376 1799 1531 1372 342 
Lambs 
Actual 1253 276 82 57 508 
Adjusted 1157 7 81 5 476 
Pigs 
Actual 4807 5044 4168 3898 638 
Adjusted 5289 4819 4509 3469 408 
aLiver vitamin A values adjusted for plasma vitamin A values determined the day prior to vitamin 


supplementation. 


logical availability of tocopherols to calves, lambs, and pigs from various 
feedstuffs and in comparing the influence of dietary factors other than 
tocopherol on its biological availability, but actual studies are needed to “ 
confirm this. Furthermore, the finding that plasma tocopherol increases at a 
a constant rate with log (tocopherol intake) whereas liver tocopherol 
increases at a constant rate with actual tocopherol intake, should be. of 
value in planning and interpretation of future experiments in which to- 
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copherol intakes are comparable to those studied herein. It would seem 
from the above relationships, that liver tocopherol concentration was a 
more sensitive index of tocopherol intake than plasma tocopherol which 
is in agreement with previous work as reviewed by Blaxter and Brown 
(1952). However, more experiments are needed before conclusive evidence 
on this choice is available. 


TABLE 4. RELATIONSHIP OF PLASMA AND LIVER TOCOPHEROL 














CONCENTRATIONS 
Coefficients of the 
linear relationship Standard Simple 
- error of correlation 
Intercept Slope estimate coefficient 
a b 8y.x r 
Linear regression of log (mg. 
tocopherol per 100 ml. plasma 
times 100) on log-log (mg. 
tocopherol per 100 gm. liver 
times 100) 
Calves 0.03 4.28 0.13 0.97 
+0.052 +0.478a 
Lambs 0.43 2.39 0.08 0.93 
+0.08 #025 
Pigs 0.69 2 «30 0.10 0.88 
$0.11 0.32 
Linear regression of log (mg. 
tocopherol per 100 gm. liver 
times 100) on mg. tocopherol 
per 100 ml. plasma 
Calves 1.38 2.18 0.20 0.93 
0.13 +0.36 
Lambs 1.26 4.82 0.16 0.92 
+0.10 +0.55 
Pigs 1.53 2.03 0.25 0.79 
+£0.15 +0.42 





4 Standard error. 


Although tocopherol is stored in most of the organs and tissues of the 
body without a main deposition site (Harris and Mason, 1955), the estima- 
tion of liver tocopherol concentration from the plasma tocopherol concen- 
tration might possibly indicate the general tocopherol status of the animal. 
Utilizing the blood plasma tocopherol concentration immediately prior 
to slaughter (12th comparison week value) and the tocopherol concentra- 
tion of the liver at slaughter, for all animals by species, possible relation- 
ships between these two variables were explored, table 4. In the first half 
of this table, log (plasma tocopherol) was found to be related to log- 
log (liver tocopherol) in a linear manner which is similar to the case of 
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the plasma-liver vitamin A relationship (Almquist, 1952). Essentially 
this relationship indicated that plasma tocopherol increased arithmetically 
as liver tocopherol increased geometrically. The transformation of plasma 
tocopherol values to their respective logarithm (base 10) was for the 
purpose of minimizing differences in the variation of this criterion asso- 
ciated with log (liver tocopherol concentrations). To maintain the arith- 
metic-geometric relationship, the liver tocopherol values were then trans- 
formed to their respective log-log values. 

Since neither plasma nor liver tocopherol concentration can be clearly 
considered the dependent variable, regressions of log (liver tocopherol) 
on plasma tocopherol were derived for the purpose of estimating the former, 
bottom half of table 4. In the case of the calves and lambs these were 
demonstrated to be essentially linear, while, in the case of the pigs, slight 
downward curvature accounting for 15.2% of the total variability about 
log (liver) was found. It would therefore seem feasible to estimate liver 
storage of tocopherol from plasma tocopherol concentrations. 

Plasma vitamin A concentrations tended to increase with tocopherol 
intake, table 2; whereas, an opposite trend was observed for liver vitamin 
A, table 3. When expressing liver vitamin A concentrations as per gram of 
liver lipids rather than per unit weight of liver, differences in this cri- 
terion associated with tocopherol intake were largely eliminated. Since 
these trends did not approach acceptable levels of statistical significance 
(i.e. P<0.05) and were not too consistent either within a specie or among 
species, additional data are needed before the interrelationships between 
tocopherol and vitamin A per se in farm animals can be evaluated. Whiting 
et al. (1949) obtained slight positive results of tocopherol on vitamin A 
utilization in sheep and swine. 

Other Criteria. None of the other criteria exhibited appreciable change 
with tocopherol intake. The average ratio of total urinary creatinine 
to preformed creatinine with the standard deviation per animal was for 
the calves 1.8+0.5, for the lambs 1.6+0.2, and for the pigs 1.3+0.3. 
Similar values in seconds for the electrocardiographic intervals using the 
data obtained from lead II recordings were respectively, 0.13+0.02, 
.0.09+0.01, and 0.11+0.01 for the PR interval; 0.05++0.01, 0.04+0.01, 
and 0.06+0.01 for the QRS interval; and 0.30+0.03, 0.26+0.03, and 
0.27+0.02 for the QT interval (adjustment of these values for heart in- 
terval and heart interval squared by covariance resulted in some reduction 
in the error for the PR and QT intervals but the adjusted values showed 
no trend on tocopherol intake). 

Histologic studies of the tissues taken at time of slaughter were with- 
out significant correlative alterations. In the calves particularly, lymphor- 
rhages were a prominent feature in the muscular tissue, but their very 
prominence in all calves precluded the possibility that they were patho- 
logic lesions. In the medullary portion of the sheep kidneys, microcalculi 
were universally present, a condition commonly encountered in this animal. 
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In all 16 hogs two types of alterations were found; one was a slight chronic 
interstitial nephritis while the other was ulcerative ileitis often accompanied 
by Balantidium coli, Although the lesions were striking in some instances 
they bore no relation to the tocopherol levels and were considered inci- 
dental. 

The negative results of these criteria (which have been associated with 
tocopherol deficiency) over the range of tocopherol intakes studied could 
possibly be attributed to the short duration of the experiment, 12 weeks, 
the initial tocopherol status of the animal, and the tocopherol content of 
the basal ration (calculated, on the basis of responses of plasma and liver 
tocopherol concentrations, to be between 0.1—0.2 mg. tocopherol intake 
per lb. live weight per day for the calves and lambs and approximately 0.1 
mg. for the swine). 


Summary 


Graded levels of tocopherol, 0.0, 1.0, 3.0 and 9.0 mg. per lb. of live 
weight, were added daily to basal rations of calves, lambs, and pigs for 
an experimental period of 12 weeks duration. Plasma tocopherol was found 
to increase at diminishing rates with tocopherol intake; whereas, liver 
tocopherol increased at constant rates with tocopherol intake. Relation- 
ships of these criteria with tocopherol intake were expressed as linear 
regressions of log (plasma tocopherol) on log-log (tocopherol intake) and 
log (liver tocopherol) on log (tocopherol intake). Estimation of liver 
tocopherol from plasma tocopherol was feasible when linear regressions of 
log (liver tocopherol) on plasma tocopherol were derived. Tocopherol in- 
take appeared to influence vitamin A metabolism by increasing plasma 
vitamin A and decreasing liver vitamin A concentrations, but these differ- 
ences were not statistically significant. Other criteria such as the ratio of 
total urinary creatinine to preformed creatinine, electrocardiographic inter- 
vals and histological alterations of tissues from the cardiac, central nervous, 
muscular and urogenital systems were found to be unaffected, under the 
conditions of this study. 


Literature Cited 


Almquist, H. J. 1952. Relation of vitamin A intake to plasma and liver vitamin A 
content. Arch. Biochem. Biophysics 39: 243. 

Almquist, H. J. 1953. Evaluation of vitamin requirement data. Poultry Sci. 32:122. 

Ames, S. R. 1956. Role of vitamin E (a-Tocopherol) in poultry nutrition and disease. 
Poultry Sci. 35:145. 

Anonymous. 1951. Revised Method for Determination of Vitamin A in Dry Carriers. 
Code VA-65. Tech. Service Bur., Nopco Chem. Co., Harrison, N. J. 

Anonymous. 1955. The Spectrophotometric Determination of Vitamin A in Nopcay 
“250” Type L. Code VA-73. Tech. Service Bur., Nopco Chem. Co., Harrison, N. J. 

Association of Official Agricultural Chemists. 1955. Official Methods of Analysis, 8th ed. 
Geo. Banta Pub. Co., Menasha, Wis. 








622 ROUSSEAU ET AL. 


Blaxter, K. L. and F. Brown. 1952. Vitamin E in the nutrition of farm animals. Nutr. 
Abs. and Revs. 22:1. 

Bolliger, H. R. and M. L. Bolliger-Quaife. 1955. Analytical Methods and Their Use 
in Evaluation of Vitamin E. Vitamina E, Atti del terzo Congresso Internazionale 
Venezia 1955, page 30. Edizioni Valdonega Verona. 1956. 

Brown, F, 1952. The estimation of vitamin E. I. Separation of tocopherol mixtures 
occurring in natural products by paper chromatography. Biochem. J. 51:237. 
Bratzler, J. W., J. K. Loosli, V. N. Krukovsky and L. A. Maynard. 1950. Effect of the 

dietary level of tocopherols on their metabolism in swine. J. Nutr. 42:59. 

Bunnell, R. H., J. E. Rousseau, Jr., H. D. Eaton and G. Beall. 1954. Estimation of 
vitamin A and carotenoids in calf liver. J. Dairy Sci. 37:1473. 

Bunnell, R. H. 1955a. The Effect of Fish Oil and Diphenyl-p-phenylenediamine on the 
Vitamin E Metabolism of the Chick. Ph.D. thesis. Univ. of Conn. 

Bunnell, R. H. 1955b. Unpublished data. Storrs (Conn.) Agr. Expt. Sta., Storrs, Conn. 

Bunnell, R. H., L. D. Matterson, E. P. Singsen and H. D. Eaton. 1956. Studies on 
encephalomalacia in the chick. 5. The effect of fish oil and diphenyl-p-pheny]- 
enediamine on the vitamin E metabolism of the chick. Poultry Sci. 35:436. 

Cochran, W. G. and Gertrude M. Cox. 1950. Experimental Designs. John Wiley and 
Sons, Inc., New York. 

Dukes, H. H. 1955. The Physiology of Domestic Animals, 7th ed. Comstock Pub. 
Associates, Ithaca, N. Y. 

Eggitt, P. W. R. and L. D. Ward. 1953. The chemical estimation of vitamin E activity 
in cereal products. I. The tocopherol pattern of wheat germ oil. J. Sci. Food Agr. 
4:569. 

Harris, P. L. and K. E. Mason. 1955. Vitamin E and metabolic processes. Vitamina E, 
Atti del terzo Congresso Internazionale Venezia 1955, page 1. Edizioni Valdonega 
Verona. 1956. 

Hawk, P. B., B. L. Oser and W. H. Summerson. 1954. Practical Physiological Chem- 
istry, 13th ed. McGraw-Hill Book Co., New York. 

Kimble, M. S. 1939. The photocolorimetric determination of vitamin A and carotene 
in human plasma. J. Lab. Clin. Med. 24:1055. 

Mason, K. E. 1942. Distribution of vitamin E in the tissues of the rat. J. Nutr. 23:71. 

Miner, R. W. 1949. Vitamin E. Annals N. Y. Acad. Sci. 52:63. 

Quaife, Mary L. and P. L. Harris. 1944. The chemical estimation of tocopherol in 
blood piasma. J. Biol. Chem. 156:499. 

Quaife, Mary L. and R. Biehler. 1945. A simplified hydrogenation technique for the 
determination of blood plasma tocopherols. J. Biol. Chem. 159:663. 

Quaife, Mary L. and P. L. Harris. 1948. Chemical assay of foods for vitamin E con- 
tent. Anal. Chem. 20:1221. 

Rousseau, J. E., Jr.. H. D. Eaton, C. F. Helmboldt, E. L. Jungherr, S. A. Robrish, 
G. Beall and L. A. Moore. 1954. Relative value of carotene from alfalfa and 
vitamin A from a dry carrier fed at minimum levels to Holstein calves. J. Dairy 
Sci. 37:889. 

Snedecor, G. W. 1956. Statistical Methods, 5th ed. The Iowa State College Press, Ames. 

Swick, R. W. and C. A. Baumann. 1952. Chemical assay for tocopherol in animal 
materials. Anal. Chem. 24:758. 

Whiting, F., J. K. Loosli and J. P. Willman. 1949. The influence of tocopherols upon 
the mammary and placental transfer of vitamin A in the sheep, goat and pig. 
J. Animal Sci. 8:35. 








THE INFLUENCE OF STAGE OF MATURITY ON THE FEEDING 
VALUE OF OAT HAY! 


J. H. Meyer,” W. C. WetR,” L. G. Jones * anp J. L. Hutt? 
University of California, Davis 


[' is well recognized that the chemical composition of grain hays change 

with advancing maturity. There is a paucity of information about this 
influence on oat hay as measured by animals response. The mest extensive 
work has been the digestion trials of Sotola, (1937) which revealed that 
the medium dough stage was the most desirable time to harvest grain hays. 
However, experiments were not conducted with hays cut at a more imma- 
ture stage than the milk stage. Others (Gross, 1947; Henderson and Davies, 
1955; Hendry and Woll, 1925; and Phillips e¢ al., 1939) analyzed the 
oat plant at different growth stages. Earlier Bartlett (1901) and Parkins 
et al. (1914) had conducted digestion trials on oat hay. Kohler (1944) 
made extensive chemical analyses emphasizing the vitamin content of oat 
iorage. In addition he pointed out the difficulty of interpreting much of 
the previous information because physiological stage of growth was not 
described. Many workers described chronological age which has little 
application since chronological age and stage of maturity are not identical 
in various geographical locations or seasons. 

The experiments reported herein were studies on the influence of stage 
of maturity on the feeding value of oat hay. Chemical analyses, digestion 
trials, and feeding trials were used to evaluate the various hays fed. 


Experimental 


A 12-acre field uniform in soil type and previously fertilized was seeded 
to the Kanota variety of oats. The stand was excellent, did not suffer from 
lack of water, and contained less than 1% foreign plants. Seven stages of 
maturity were harvested in replicated strips throughout the field so that 
each stage represented all parts of the field. The stages were described by 
hand counting the number of stems in a particular stage. For example, 
16% flag leaf stage meant that 16% of the stems had flag leaves; the 
remainder of the stems would be at a more immature stage. This method 
quite accurately describes the physiological age of the plants as harvested 
for hay. 

To circumvent the possibility that rain might introduce another variable, 
the forage was.harvested with a field chopper and dehydrated in a com- 


' Partially supported by a grant-in-aid by the American Dehydrators Association. 
2 Animal Husbandry Department. 
3 Agronomy Department. 
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mercial alfalfa dehydrater. The dried forage was ground and pelleted to 
prevent selective refusals by the animals. 

The entire field was sampled daily by selecting at random oat plants 
cut at mower height (2 inches). The daily forage sample was dried at 
70° C., ground, and taken to the laboratory for chemical analyses. The 
lignin was determined by the method of Ellis et al. (1946), while crude 
fiber and nitrogen were determined by standard A.O.A.C. procedures 
(1945). Holocellulose was determined as suggested by Wise et al. (1946). 

A 7x7 latin square designed digestion trial using wether sheep was con- 
ducted on the seven stages of maturity. Total digestible nutrients were 
calculated by the method described by Lofgreen (1953). 

Wether sheep were the experimental animals for the feeding trial. Six 
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Figure 1. The 59% jointing stage is illustrated in A and B. In C, 16% of the 
plants are with flag leaf and in D, 21% of the plants are in the boot stage. 
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sheep randomly allotted were individually fed each hay from the seven 
stages of maturity. The animals had feed withheld 24 hours and water 12 
hours before each weighing. Statistical procedures were those described 
by Snedecor (1946). 


Results and Discussion 


Figures 1 and 2 are pictures of the various stages harvested. The first 
picture is of the field when harvested in the 59% jointing stage. It also 
illustrates the method of harvesting the field in replication so that the 





Figure 2. One percent of the plants are in flower in E while 18% of the plants 
are in bloom in F. G shows 44% of the plants in the milk stage and H shows 
42% in the dough stage. 
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entire field was sampled for each maturity stage. The 59% jointing stage 


is shown with the leaves stripped down to show the first joints. There is 
the greatest decrease in number of leaves from the 18% flower to the 44% 
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Figure 3. Changes in composition with advancing maturity. 


milk stage. Still more leaves dry and are lost when the oat forage advances 
from the milk to the dough stage. 

A study was made of some important constituents in the growing oat 
plant (figure 3) which might be indicative of hay quality. These analyses 
were on samples which were representative of material growing in the 
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field rather than a single culm. Protein was very high in the jointing stage 
and decreased rapidly until the flower stage. At that time as has been 
noted by others (Hendry and Woll, 1925; Henderson and Davies, 1955) 
protein content tends to remain constant. 

Holocellulose increased to the milk stage where it plateaued. The holo- 
cellulose increase was not even or regular as has been pointed out for the 
barley plant by Norman (1933). 

Lignin was very regular as it increased to the milk stage. At that time 
there was a decrease in lignin content. Norman (1933) noted this with 
barley and concluded that grain formation was responsible. 

Table 1 presents the analysis of the pelleted dehydrated oat forage which 


TABLE 1. COMPOSITION OF FORAGE FED ® 











59% 16% 21% 1% 18% 44% 42% 
Comparisons Jointing Flag leaf Boot Flower Flower Milk Dough 
Lignin, % 3.8 4.3 4.9 5.8 6.4 9.0 8.4 
Holocellulose, % 35 37 35 43 40 52 50 
Crude fiber, % 16 19 21 24 27 29 27 
Crude protein, % 24 19 18 16 14 12 12 
Digestible protein, % 17.4 13.1 11.0 10.5 8.5 6.4 7.0 


Total digestible nutrients, % 68 65 65 64 60 50 53 








a Dry matter basis. 


was fed to the sheep. Most of the constituents, of the harvested feed agree 
with the analysis of the oat forage sampled daily from the field (figure 1) 
with the exception of lignin. Here the lignin content was always higher in 
the pelleted feed than in the hand harvested green forage. This latter dif- 
ference is not explainable at the present time. 

The apparently digestible protein as determined in the digestion trial 
followed the same trend during advancing maturity as did the crude pro- 
tein. However, the crude protein was more digestible at the younger stages. 
The levels of protein and the intake of protein were not below the National 
Research Council recommendations for requirements of sheep of the age 
used in this experiment. Consequently the growth study should be con- 
sidered to be one concerning the energy content of the oat forage. 

The total digestible nutrient content was very high in the jointing stage 
(68% ) but decreased to 50% in the milk stage. The formation of grain 
caused an increase in TDN which was statistically greater than the TDN 
in the milk stage hay. From a TDN consideration, oat hay should cer- 
tainly be allowed to go to the dough stage before harvesting rather than 
being harvested at the milk stage. This agrees in general with Sotola 
(1937). 

The daily gains of the sheep were influenced by stage of maturity of 
the oat forage fed (table 2). Daily gains were relatively constant on the 
forage until the milk stage where a drastic drop in gains occurred. Feed 
consumption was lower for the higher quality immature stages and higher 
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for the milk and dough stage. The analysis of covariance showed that the 
daily gains for the sheep fed the 59% jointing stage were highly signifi- 
cantly larger than the gains of the other sheep. For the sheep fed the milk 
and dough stages the gains were highly significantly lower. The adjusted 
daily gains based on equal feed consumption were calculated to show 
these results. Gain per 100 Ib. of feed agree closely with the adjusted gains. 

Slaughter grade, although not of great significance because of numbers, 
possibly indicates a higher energy gain for the sheep on the more imma- 
ture stages. 


TABLE 2. RESULTS FROM FEEDING OAT FORAGE TO SHEEP 











59% 16% 21% 1% 18% 44% 42% 





Comparisons Jointing Flag leaf Boot Flower Flower Milk Dough 
No. per lot 6 5 6 6 6 6 6 
Initial wt., Ib. 73 70 69 75 73 71 70 
Daily gain, lb 0.24* 0:32" 0.20* 0.20* 0.23" 0.15 0.18 
Daily feed consumed, lb. 2.30 2.30 2.33 2.42 2.46 2.60 272 
Adjusted daily gain, Ib. 0.26* 0.24* 0.22* 0.21* 0.23" 6.12** 0.14 
Gain per 100 Ib. feed, Ib 10.4 9. 8.8 8.4 9.3 5.6 6.6 
Slaughter grade: 

Choice 3 2 1 1 2 0 1 

Good 3 4 5 5 6 





* Statistically significantly different from the dough stage at the 1% level. 
** Statistically significantly different from the dough stage at the 5% level. 


Yield data were of foremost importance and are presented graphically 
in figure 4. Dry matter yield increased with each stage harvested until 
the milk stage where the yield remained constant. Hendry and Woll (1925) 
and Henderson and Davis, (1955) also reported that yield did not change 
greatly after the milk stage. In this trial the yield of 9,600 lb. of dry 
matter, an excellent yield for this area, indicates that growth conditions 
for these oats were optimum. 

Of somewhat greater importance is the yield of TDN. Production of 
TDN was no greater after 18% of the stems were flowering even though 
dry matter production had increased. This was compensated for by the 
higher percentage TDN in the flower stage. 

The calculated production of lamb is probably of most importance be- 
cause it is indicative of the net utilization of nutrients after digestion. 
Production of lamb increased to the 18% flowering stage at which time 
there was a decrease in production even though production of oat forage 
dry matter had continued to rise. An upturn in lamb production was noted 
when the forage entered the dough stage, again emphasizing the importance 
of allowing oat hay to mature past the milk stage. 

These results seem to indicate that there are two critical times to con- 
sider if an oat forage is to be used for feed. It appears that the total nu- 
trients realized from oats is as great or greater at about 20% flowering— 
apparently the yield of dry matter has increased rapidly to this time but 
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lignification has not as yet adversely influenced utilization. Then if situa- 
tions exist which prevent harvesting oat forage at 20% bloom, the forage 
should be allowed to mature to the dough stage rather than an in-between 
milk stage. 
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Figure 4. Yields of dry matter, TDN and lamb from one acre. 


Some of the feed constituents were related to oat forage utilization 
(table 3). Lignin content was highly negatively correlated with the total 
digestible nutrient content (—0.98). This was higher than the correlation 
for alfalfa (—0.88) found by Meyer and Lofgreen (1956). In these oat 
hays, at least, lignin accounted for 96% of the variation in TDN. The 
standard error of the estimate was very low and indicates that lignin 
is an excellent substance to use to predict the TDN in oat hays. Even 
though this regression equation appears similar to that found for alfalfa 
(Meyer and Lofgreen, 1956), the regression equations cannot be used 
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interchangeably because predicted TDN by either equation is quite far 
apart. This again emphasizes the suggestion by Meyer and Lofgreen 
(1956) that the most satisfactory regression of the nutritive value on 
lignin content would be with one plant species or group of plant species 
which has a similar site and progress of lignification. 


TABLE 3. REGRESSION AND CORRELATION OF FEED CONSTITUENTS 








Standard error Correlation 
Regression equation of the estimate coefficient 





Total digestible nutrients 


Lignin Y=81—3.34 X 1.4 —0.98** 
Holocellulose Y=98—0.89 X Bf —0.94** 
Nitrogen Y=87—65.4 1/X 22 —0.96** 
Crude fiber Y=89—1.21 X 8.3 —0.90** 
Feed consumption 
Lignin Y=1.98+0.076 X 0.057 0.95** 
Holocellulose Y=1.56+0.0214 X 0.067 0.93** 
Nitrogen Y=1.8441.53 1/X 0.060 0.94** 
Crude fiber Y=1.82+0.027 X 0.097 0.84* 
Daily gains 
Lignin Y=—0.28—0.013 X 0.018 —0.34* 
Holocellulose Y=—0.355—0.0037 X 0.018 —0.84* 
Nitrogen Y=—0.297—0.241 1/X 0.023 —0.77* 
I! 9S Stow A Een eer Seed) —0.74 
Adjusted daily gains 

Lignin Y=0.35—0.251 X 0.012 —0.95** 
Holocellulose Y=0.50—0.0071 X 0.018 —0.95** 
Nitrogen Y=0.39—0.477 1/X 0.025 —0.90** 
Crude fiber Y=0.40—0.0087 X 0.032 —0.83** 





Y equals total digestible nutrients, feed consumption, daily gains, or adjusted daily gains as the 
case may be. 
X equals lignin, holocellulose, nitrogen, or crude fiber as the case may be. 
* Statistically significant at 5% level. 
** Statistically significant at 1% level. 


Holocellulose content showed a highly significant straight line regression 
with TDN. 

Nitrogen content also was highly significantly correlated with TDN 
but the relationship was curvilinear. The best fitting curve was with the 
reciprocal of the nitrogen content. Correlation of lignin and the reciprocal 
of the nitrogen content (0.96) is high and the relation is such that changes 
in nitrogen content at low nitrogen levels are associated with greater TDN 
changes than at high nitrogen levels. Therefore, changes in nitrogen con- 
tent are not proportional to TDN at all levels unless the reciprocal is used. 
This was not true with alfalfa where a straight line best fitted the data 
(Meyer and Lofgreen, 1956). Nitrogen content, while closely associated 
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with TDN in this study cannot be used as a means of predicting TDN 
under other conditions because nitrogen content of grasses can vary with 
nitrogen availability in the soil which would not influence lignification. 

Crude fiber was not as highly correlated with TDN. 

Feed consumption apparently was associated with chemical components 
to about the same degree as TDN. Again crude fiber was not as satisfactory 
as the more well defined chemical components (lignin, protein and _ holo- 
cellulose). 

The regression of daily gains on either lignin, holocellulose or protein 
was significant at the 5% level, but when feed consumption was taken into 
account as in the adjusted daily gains the regression became highly sig- 
nificant. This seems to indicate that any influence of lignin or holocellulose 
on gains is mediated in part through feed consumption. 


Summary 


Studies are reported on the influence of stage of maturity on the feeding 
value of oat hay harvested at seven stages from the 59% jointing through 
the 42% dough stage. Chemical analyses, digestion trials, and feeding 
trials were used to evaluate the forages. The lignin and holocellulose con- 
tent increased steadily during the growing period until the milk stage. Total 
digestible nutrients in the oat forage decreased slowly from 68% in the 
jointing stage to 60% in the flower stage. At this time, however, a rapid 
decrease occurred to 50% in milk stage followed by an upturn to 53% 
with grain formation. Daily gains were influenced very little by stage of 
maturity until the oat forage entered the milk stage when a drastic 
decrease occurred in gains. Yield of dry matter increased with each stage, 
but remained constant after the milk stage. Nutrient yield, however, as 
indicated by total digestible nutrients and lamb production per acre, was 
greatest at the 18% flower stage. Regression and correlation of total di- 
gestible nutrients, feed consumption, daily gains, and adjusted daily gains 
with lignin, holocellulose, nitrogen or crude fiber content revealed lignin 
as the most satisfactory, closely followed by holocellulose and nitrogen. 
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FURTHER STUDIES CONCERNING THE EFFECT OF ALFALFA 
ASH UPON THE UTILIZATION OF LOW-QUALITY 
ROUGHAGES BY RUMINANT ANIMALS 


J. K. Warp, C. W. TEerrt, R. J. SirNy, H. N. EDWARDS AND 
A. D. TILLMAN 1 
Oklahoma Agricultural Experiment Station, Stillwater 


ANY workers (Burroughs ef al., 1948; Swift et al., 1951; Chappel, 
+ 1952; Tillman et al., 1954a) have reported that alfalfa ash increased 
the digestibility and utilization by ruminants of rations containing ground 
corn cobs or cottonseed hulls. Brooks e¢ al. (1954) reported that the 
addition of corn oil to sheep rations containing cottonseed hulls resulted 
in decreased digestibility of ration components and that this effect was 
counteracted by the addition of alfalfa ash, indicating that in many of 
the earlier works alfalfa ash may have exerted its beneficial effects by 
counteracting the detrimental effects of fat. The work reported herein 
was initiated to study the effect of added fats with and without alfalfa 
ash on the digestibility and utilization by cattle and sheep of rations con- 
taining ground corn cobs or cottonseed hulls. 


Experimental Procedure 


Trial 1, Growth. Twenty-four western-type wether lambs weighing 
69+10 lb. each were used in a 2x2 factorial design, the treatments being 
(1) basal, (2) basal plus 24 gm. corn oil daily, (3) basal plus 28 gm. 
alfalfa ash daily and (4) basal plus 24 gm. corn oil and 28 gm. of alfalfa 
ash daily. Each animal was fed once daily, in grams: corn sugar, 100; 
Drackett C-1 protein, 100; feeding grade dicalcium phosphate, 7.7; Vita- 
min A-D supplement,” 0.46, and cottonseed hulls, ad libitum. The con- 
centrate portion of the ration was mixed with the approximate amount 
of cottonseed hulls the groups of animals would consume daily. Corn oil 
and alfalfa ash were also mixed into the designated rations at the time of 
feeding. 

The animals were allotted on a weight basis into 4 groups of 6 animals 
each. Each group was subdivided into two groups and each group of three 
sheep was confined to a 10 feet square pen for the 62-day test. All animals 
had free access to water and sodium chloride except during a 16-hour 
shrink period which preceded the initial and final weights. Alfalfa ash was 
prepared as described by Tillman et al. (1954). 

Trial 2, Growth. Sixteen western-type whether lambs weighing 70+15 


1 Departments of Animal Husbandry and Agricultural Chemistry. 
2 Quadrex—supplying 10,000 I.U. of Vitamin A and 3,000 I.U. of De per gram, supplied gratis by 
NOPCO Chemical Company, Harrison, New Jersey, 
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lb. each were divided on a weight basis into 4 groups of 4 sheep per group 
and given the following treatments: (1) basal, (2) basal plus 10% corn 
oil, (3) basal plus 10% corn oil plus 8.5% alfalfa meal and (4) basal 
plus 10% corn oil plus 0.85% alfalfa ash. The alfalfa ash was obtained 
by burning the alfalfa meal used in ration 3. The basal diet was composed 
of, in percent: cottonseed hulls, 35.0; ground yellow corn, 50.5; cotton- 
seed meal (41% crude protein), 12.4; sodium chloride, 0.5; feeding grade 
dicalcium phosphate, 1.0; calcium carbonate, 0.5 and Vitamin A and D 
supplement 0.1. Additives to the basal ration replaced corn and/or 
cottonseed meal in a way that the protein levels of all diets were equalized. 
The calcium and phosphorus levels were equalized among the treatments 
by varying the amount of dicalcium phosphate and/or calcium carbonate. 

The experiment was conducted during the summer months when tem- 
peratures during the day were usually above 90° F., thus it was necessary 
to mix rations frequently in order to avoid rancidity in rations containing 
corn oil. The animals of each group were confined in pens 8x10 feet for 
the 36-day test. Feed and water were given ad libitum except for a 16-hour 
shrink period which preceded the initial and final weights. 

Triai 3, Digestion. Forty-eight western type whether lambs weighing 
about 60 lb. each were used in a 2x2 factorial design with the following 
rations being fed: (1) basal, (2) basal plus 2.4% corn oil, (3) basal plus 
28 gm. alfalfa ash daily and (4) basal plus 2.4% corn oil and 28 gm. 
alfalfa ash daily. The basal ration contained, in percent: cottonseed hulls, 
55.0; corn sugar, 37.6; urea, 2.1; * feeding grade dicalcium phosphate, 
2.1; gelatin, 1.7; sodium chloride, 0.4; monobasic sodium phosphate, 0.5; 
and vitamin A-D supplement, 0.1. The corn oil was added to the ration 
with a proportionate decrease in corn sugar. Daily allowances of rations 
1 and 2 were 498 gm. while rations 3 and 4 contained in addition 28 gm. 
of alfalfa ash. 

Twelve lambs, 3 per treatment, were used during each of 4 replications, 
with different animals being used in each case. The sheep were fed one-half 
of their rations twice daily in stanchions as described by Tillman e¢ al. 
(1954). Water was available except when the animals were eating. A 
14-day preliminary period preceded a 10-day collection period during 
which the feces were collected by the method of Garrigus and Rusk (1939). 
Fecal collections were made one daily and the total amount was dried in 
a forced-draft oven. Other details of this procedure have been described 
by Tillman e¢ al. (1954). Chemical analyses of feed and feces were by 
accepted methods of the AOAC. Statistical analysis of the data was con- 
ducted by the method of analysis of variance (Snedecor, 1946) and mul- 
tiple range test (Duncan, 1955). 

Trial 4, Digestion. Thirty-six western-type wether lambs weighing 
75+10 lb. each were used in a 2x2 factorial design with the following 


% Two sixty-two supplied gratis by E. I. duPont de Nemours Co. Inc., Wilmington, Delaware. 
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rations being fed: (1) basal, (2) basal plus 32 gm. corn oil daily, (3) 
basal plus 28 gm. alfalfa ash daily, and (4) basal plus 32 gm. corn oil 
and 28 gm. alfalfa ash daily. The basal diet contained, in percent: cotton- 
seed hulls, 87.6; casein, 10.3; sodium chloride, 1.0; feeding grade di- 
calcium phosphate, 1.0; vitamins A and D concentrate, 0.1. The daily 
allowance of the basal was 913 gm. and fed in equal portions twice daily. 
The corn oil and alfalfa ash were additions and likewise were fed twice 
daily; these were mixed with the basal ration at the time of feeding. Using 
different animals the experiment was replicated twice. All other details 
were as described in trial 3. 

Trial 5, Digestion. Twenty-four western-type wether lambs weighing 
65+4 Ib. each were used in a 2x2 factorial design in which the following 
rations were fed: (1) basal, (2) basal plus 21 gm. corn oil daily, (3) basal 
plus 28 gm. alfalfa ash daily, and (4) basal plus 21 gm. corn oil and 28 
gm. alfalfa ash daily. The basal ration contained the following ingredients, 
in percent: ground corn cobs, 45.6; ground yellow corn, 25.3; corn 
gluten meal, 20.3; corn syrup (white), 7.1; feeding grade dicalcium 
phosphate, 1.0; sodium chloride, 0.7; and vitamin A and D feeding oil, 0.1. 
In addition the daily feed contained 1.2 mg. cobalt sulfate and 2.0 gm. of 
vitamins A and D supplement. Daily allowance of the basal ration was 
700 gm., with equal amounts being fed twice daily. The corn oil and/or 
alfalfa ash were added to the basal at the time of feeding. All other details 
have been described in trial 3. 

Trial 6, Digestion. Twenty-four grade Hereford steers weighing 600+50 
lb. each were used in a 2x2 factorial design in which the following diets 
were fed: (1) basal, (2) basal plus 400 gm. corn oil daily, (3) basal plus 
100 gm. alfalfa ash daily and (4) basal plus 400 gm. corn oil and 100 gm. 
alfalfa ash daily. The composition and daily intake of the basal diet was, 
in grams: cottonseed hulls, 2724.0; Drackett C-1 protein, 227.1; urea, 45.4; 
corn sugar, 681.0; cottonseed meal, 181.6; feeding grade dicalcium phos- 
phate, 54.5; sodium sulfate, 20.0; vitamins A and D concentrate, 2.0; 
and sodium chloride, 30. Corn oil and/or alfalfa ash was added to the 
basal ration and one-half of the rations was fed twice daily. 

Twelve steers, three per treatment, were used during each of two 
replications. A 14-day preliminary preceded a 10-day collection period 
during the first period. When the experiment was repeated the animals 
were removed from the metabolism stalls (Nelson et al., 1954) and fed a 
diet of corn and alfalfa hay for 10 days. The animals were then put back 
in the metabolism stalls with a 20-day preliminary period preceding a 
10-day collection period. In each replication the animals were randomly 
assigned to the treatments. Feces and urine were collected in both replica- 
tions and handled as described by Fontenot e¢ al. (1955). Other details 
were essentially the same as those described in trial 3. Chemical analysis 
of rations and selected feeds are shown in table 1. 
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TABLE 1. COMPOSITION OF RATIONS AND OF SELECTED FEEDS 2 





Percentage composition of dry matter 


Dry Protein Ether Crude N-free 





Rations and feeds Trial matter Ash (NX6.25) extract fiber extract! 
% 

Basal ration 2 90.1 6.8 12.1 3.1 21.0 57.0 
Basal-+ corn oil 2 91.0 6.5 11.9 12.9 19.9 48.8 
Basal ration 3 92.2 4.7 10.5 0.3 21.5 63.0 
Basal +-corn oil 3 92.4 4.6 10.6 3.0 21.8 60.0 
Basal ration 5 90.6 1.7 12.6 2.5 i7..5 65.7 
Basal ration 6 91.4 4.6 13.6 0.6 32.9 48.3 
Alfalfa meal 2 93.5 10.7 17.0 24 28.3 41.9 
Casein 4 91.5 3.3 93.0 0.9 0.2 2.6 
Corn cobs, ground 5 93.1 1.8 > 1.3 39.7 Se 
Corn gluten meal 5 91.8 2.5 43.4 Ms 33 48.1 
Corn meal, yellow 2,5 88.3 1.7 10.4 4.2 2.6 81.1 
Corn oil All 100.0 100.0 
Corn sugar 13,6 98.0 0.4 99.6 
Corn syrup, white 5 81.6 0.4 99.6 
Cottonseed hulls 132, 3;4.% 90.1 B23 3.9 0.8 51.1 40.9 
Drackett C-1 protein 1, 6 92.5 2.6 96.9 0.5 

0 Z.2 97.6 0.2 


Gelatin 3 96. 





a All feeds were analyzed and feeds not shown were of average composition. 
» Determined by conventional feed analysis. 


Results and Discussion 


Trials 1 and 2. The results of the two growth trials are shown in table 2. 
Corn oil apparently reduced weight gains in both trials; however, the 
differences, when compared to the control diets, were not statistically 
significant at the 5% level. The trend in both trials were in the same 
direction, and in agreement with the results of Brooks et al. (1954); indi- 
cating that the observed effects were not due to chance. 

Added corn oil reduced the efficiency of feed utilizations (P>.05) in 
both trials and this effect was counteracted by alfalfa ash in trial 1 but 


TABLE 2. AVERAGE DAILY GAINS AND FEED EFFICIENCY OF SHEEP 
IN GROWTH TRIALS 





Ration Trial number Daily gain efficiency ® 
lb. Ib. 
Basal ration 1 0.24 8.3 
Basal+ 24 gm. corn oil 1 0.20 10.5* 
Basal-+-alfalfa ash 1 0.26 135 
Basal+ 24 gm. corn oil-+-alf. ash 1 0.27 7.8 
Basal ration 2 0.36 8.2 
Basal+ 10% corn oil 2 0.18 12-3" 
Basal+10% corn oil+alf. meal 2 0.24 10.5 
2 0.21 2 2 





Basal+ 10% corn oil+-alf. ash 
a Pounds of feed required to produce 1 lb. of gain. 
* Significantly different from the basal at 5% level. 
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only partially so in trial 2. Differences in levels of corn oil might explain 
the observed reduction. In trial 1 the corn oil rations contained 2.6% (by 
weight) of this product while in trial 2 the level was increased to 10%. 
The results of trials 3, 4 and 5 also have a bearing on this point. 

Trials 3, 4 and 5. The results of the sheep digestion trials are shown in 
table 3. The addition of corn oil to the basal ration of trial 3 apparently 
improved the digestibility of protein, fiber and nitrogen-free extract but 
the differences were not significant at the 5% level. Ether extract digesti- 
bility was improved (P>0.01) by the addition of corn oil. This effect 
was observed and explained by Swift et a/. (1947). Rations 2 and 4 seemed 


TABLE 3. DIGESTIBILITY OF RATION NUTRIENTS IN SHEEP TRIALS 











Percentage digestibility 


Number Dry Organic Crude Ether Crude N-free 





Treatments Trial animals matter matter protein extract fiber extract 
1. Basal ration 3 12 65.5 61.6 47.0 2.2 48.8 76.2 
2. Basal+ 2.4% corn oil 3 12 67.0 68.2 49.8 89.0** 53.4 To, 
3. Basal+-alfalfa ash 3 12 65.8 68.9 47.3 17.0 49.9 79.3 
4. Basal+ 2.4% oil+-alf. ash 3 10» 66.1 67.6 46.5 89.57": A256 76.5 
1. Basal ration 4 9 53.6 S37 56.8 47.6 54.5 52:5 
2. Basal+32 gm. corn oil 4 8b ses" 2" 50.79 86.3%" 48:9" 45:5"* 
3. Basal+-alfalfa ash 4 9 54.7 54.8 58.9 61.6 $3.5 58.6 
4. Basal+ 32 gm. oil+-alf. ash 4 9 55.3 56.9 60.5 S33" *:. Fa-7 59.5 
1. Basal ration 5 6 70.7 12.3 
2. Basal+21 gm. corn oil 5 5b 64: 7%". 66.3"* 
3. Basal+alfalfa ash 5 6 72.58 76.58 
4. Basal+ 21 gm. oil+-alf. ash 5 6 73.08 77.28 





** Difference significant at the 1% level. 
a Difference significant at the 10% level. 
> Animals that did not consume all of the offered feed were removed from the experiment. 


to be more palatable to the sheep than rations 1 and 3. It is possible that 
corn oil reduced dustiness and improved the characteristics of the semi- 
purified diet used in this trial. Alfalfa ash did not improve either type of 
ration. 

The addition of corn oil in trial 4 resulted in significant reduction 
(P>0.01) in the digestibility of all ration components except protein and 
ether extract. In the case of protein the reduction was small and statisti- 
cally significant only at the 10% level. Alfalfa ash counteracted the de- 
pressing effect of corn oil (ration 4). In fact, alfalfa ash seemingly im- 
proved the low-fat basal ration; however, the differences between rations 
1 and 3 were small and were not statistically significant. As the same trend 
was observed in three replications, it is possible that a real difference exists. 

In trial 5, the addition of 3% corn oil significantly reduced (P>.01) 
the digestibility of dry matter and organic matter. These results are in 
agreement with those of Chappel et a/. (1955); however, all diets used by 
those workers contained corn oil. The present experiment was designed 
for the purpose of ascertaining if all of the beneficial effect of alfalfa ash 
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observed by Chappel e¢ a/. was due to its counteraction of the added corn 
oil. As alfalfa ash apparently improved (P>0.10) the low-fat ration 
(ration 3), it is likely that its beneficial effect goes beyond the alleviation 
of the depressing effect of corn oil. However, it must be remembered that 
the basal ration contained approximately 2.3% ether extract. 

Trial 6. The results of the cattle trial are shown in table 4. All ration 
components except protein and fat were highly significantly reduced 
(P>0.01) by the addition of corn oil to the basal ration. In the case of 


TABLE 4. PERCENTAGE DIGESTIBILITY AND RETAINED NITROGEN BY 
CATTLE (TRIAL 6) 














Rations 
+Corn oil 
Items Basal +Cornoil +Alfalfaash -+ Alfalfa ash 

Dry matter 59.7 40.5°" 61.7 55.3* 
Organic matter 2 a9.7"” 60.8 5525" 
Crude protein 57.5 55.08 56.5 ars 
Ether extract 41.0 850°" 64.0* 86.3"* 
Crude fiber 45.0 29:3" 46.9 33.6* 
N-free extract 70.7 <i lead 71.2 62.8* 
Feed nitrogen, gm. 102.5 102.5 102.5 102.5 
Fecal nitrogen, gm. 43.6 46.1 44.6 45.4 
Absorbed nitrogen, gm. 58.9 56.4 57.9 a7:1 
Urine nitrogen, gm. 46.5 46.0 46.2 43.0 
Retained nitrogen, gm. 12.4 10.4* 12.7 14.1 
Feed N. retained, % 12.3 10.1* 11.4 13.8 
Absorbed N. retained, % 2A is 20.2 ve aa 





* Difference significant at the 5% level. 
** Difference significant at the 1% level. 
® Difference significant at the 10% level. 


protein a lesser but significant reduction (P>0.05) was obtained. The 
addition of alfalfa ash only partially counteracted the detrimental effect 
of corn oil upon the digestibility of organic matter components. The feces 
of the animals receiving the corn oil supplemented ration (ration 2) con- 
tained considerably more moisture than the feces of the other animals; 
in fact two of the steers scoured severely during both the preliminary 
and collection periods. In case of the nitrogen balance phase, the addition 
of corn oil reduced (P>0.05) nitrogen retention. When alfalfa ash was 
added to the corn oil supplemented ration (ration 4), nitrogen retention 
was improved (P>0.05). If the metabolic nitrogen of the feces is con- 
sidered to be 0.5 gm. per 100 gm. dry matter consumed (Maynard and 
Loosli, 1956), the increased fecal nitrogen output of rations 2 and 3 are 
accounted for; however, in the case of ration 4 the actual output was 
less (45.4 vs. 46.1 gm.) than the calculated value. This is in agreement 
with the results of Robinson e¢ a/. (1956) who noted that the addition of 
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approximately 5.5% corn oil to a prairie hay-cottonseed meal ration had 
very little effect upon the apparent digestibility of protein but improved 
nitrogen retention. 

The apparent variation in results obtained when corn oil was added to 
the rations of trial 3 as compared to the other digestion trials is interesting, 
but the reason(s) is not known by the authors. In comparison to trial 4, 
there are certain differences in procedures of feeding that possibly have a 
bearing. In trial 3 the low level of corn oil (2.4%) was added to the con- 
centrate portion (45%) of the ration, thus only a small amount of added 
oil came in contact with the cottonseed hulls, while in trial 3, the corn oil 
(3.6% ) was added to the cottonseed hulls-casein type ration and in this 
case the cottonseed hulls absorbed most of the oil before the ration was 
consumed. In the case of trials 5 and 6, the procedures followed was similar 
to those of trial 4 but in each trial the roughage absorbed proportionately 
less of the oil than in trial 4. In this connection, Brooks et al. (1954), using 
a basal ration almost identical to that in trial 4 and heated corn oil which 
was poured over the cottonseed hulls, obtained a greater depression in 
digestibility of protein and fiber than we obtained. With a higher level of 
alfalfa ash (28 vs. 18 gm.) complete counteraction of the depressing effect 
of corn oil was obtained in trial 4, while only partial alleviation had been 
obtained by Brooks e¢ al. These workers also observed that the rumen 
ingesta from animals receiving fat had a putrid odor, a turbid color and 
a lowered volatile acid concentration, leading them to postulate that a 
part of the effect of alfalfa ash was due to its buffering capacity or to its 
ability to help emulsify the added fat and thereby prevent the fat from 
coating the fiber. The results of these studies are compatible with that 
postulation, since alfalfa ash counteracted the depressing effect of corn 
oil in all rations in which the level did not exceed 5% of the total ration 
but only partially counteracted the effect of 10% corn oil. Other work 
along these lines has been conducted in this laboratory and was reported 
by Brethour e¢ al. (1957). 

Chappel e¢ a/. (1955) postulated that the beneficial effect of alfalfa ash 
could be due to: (1) the addition of some other essential micro-nutrient 
contained in the natural alfalfa ash and present as a contaminant in the 
“synthetic ash”, (2) some combination of known nutrients which are 
present in inadequate or unbalanced amounts or (3) an increase in the 
total ash content of a low-ash ration. In connection with (3) it should be 
noted that the addition of alfalfa ash did not improve the digestibility of 
a prairie hay basal ration containing 5% corn oil (Tillman et al. (1954a). 
The prairie hays used in their trials contained about 7% ash, while the 
cottonseed hulls and corn cobs used in the present studies contained 3.3 
and 1.8% ash, respectively. The recent work of Robinson et al. (1956) 
also bears on this point. The prairie hay-cottonseed meal ration used by 
these workers contained (calculated) 8.7% ash and 1.1% potassium while 
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the cottonseed hull ration used in trial 6 of these studies contained only 
5.2% ash and 0.7% potassium. The addition of 5.5% corn oil to their 
higher ash ration reduced only slightly the digestibility of protein and 
fiber, 1.0 and 6.1% respectively, while the addition of 10% corn oil to 
the cottonseed hull ration (ration 2) resulted in reductions of 5.3 and 
34.9%. When 100 gm. of alfalfa ash was added to the cottonseed hull 
basal ration the ash and potassium contents were increased to 7.7 and 
1.3%, respectively. Even though the addition of corn oil to the alfalfa 
ash containing ration (ration 4) did reduce the digestibility of protein and 
fiber, it promoted better utilization of absorbed nitrogen resulting in 
greater retention of nitrogen. 

The addition of corn oil to ruminant rations containing high levels 
of corn cobs or cottonseed hulls does not seem desirable. How- 
ever, the addition of corn oil to rations containing high levels of 
roughages having a higher content of ash apparently does spare absorbed 
protein and has practical implications. Further information regarding op- 
timum levels and possible substitution of other types of fats for corn 
oil is needed before practical recommendations can be made. Work along 
these lines using indigenous prairie hay as a roughage are underway in 
this laboratory. 


Summary 


Six trials involving sheep and cattle were conducted for the purpose of 
studying the effect of added corn oil with and without alfalfa ash upon 
the digestibility and utilization of rations containing ground corn cobs or 
cottonseed hulls. In the growth trials involving 40 growing lambs, it was 
found that the addition of 2.6 or 10% corn oil apparently decreased weight 
gains and increased the pounds of feed required to produce a pound of 
gain. The addition of 28 gm. (ash of approximately 0.75 lb. alfalfa hay) 
completely counteracted the detrimental effect of the 2.6% level of corn 
oil. The addition of alfalfa meal or the ash from the alfalfa meal only 
partially counteracted the effect of 10% corn oil; the ash was as effective 
as the meal. The addition of 2.4% corn oil to a semi-purified diet con- 
taing 55% cottonseed hulls did not affect the digestibility of any com- 
ponents except ether extract. In the other sheep digestion trials, the addi- 
tion of 3.5% corn oil to a cottonseed hull containing basal ration and 
the addition of 3.0% corn oil to a corn cob containing basal ration caused 
a significant reduction in the digestibility of dry matter and organic 
matter components except ether extract; the effect upon protein digesti- 
bility was less than upon the other components. The addition of 10% 
corn oil to a cottonseed hull containing ration fed to cattle caused a depres- 
sion in the digestibility of all ration components except ether extract and 
also caused a reduction in nitrogen retention. The addition of alfalfa ash 
partially alleviated the effect of corn oil upon digestibility and significantly 
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improved nitrogen retention. Alfalfa ash improved only slightly the di- 
gestibility of the low-fat basal rations used in these trials. 
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LEAN CUT YIELD AND AN EVALUATION OF HAMS AND LOINS 
OF U.S.D.A. PORK CARCASS GRADES? 


H. L. Serr, R. W. Bray AND R. J. REIERSON 
University of Wisconsin * 


URVEYS in Wisconsin as well as at other stations have indicated that 

consumers select high quality lean cuts in preference to those cuts 
which are excessively fat. Decreased demand for lard, consumer resistance 
to fatty foods, and more specialization in meat marketing methods also 
have increased the need for improved evaluation techniques and to de- 
termine the influence of grade and weight of carcass on the quantity and 
the composition of pork cuts. 

The U.S.D.A. swine carcass grades are based largely on backfat thick- 
ness and provide a fairly accurate means of estimating the percentage of 
lean cuts in a carcass. The live backfat probe technique developed by 
Hazel and Kline (1952) can be used to estimate the backfat thickness 
and consequently the carcass grade and percent lean cut yield with 
reasonable accuracy. This technique does not, however, give any indication 
of the composition or quality of the lean cuts nor is the effect of sex, weight, 
and carcass grade on quality of cuts known. If accurate predictions con- 
cerning the composition of cuts could be made by examination of carcasses, 
it might allow more realistic purchasing of live hogs and would also 
permit more widespread buying and selling of pork carcasses and cuts 
on a merit basis. 

This study is an attempt to determine the association of carcass grade 
and weight with the quality and composition of certain pork cuts. 


Materials and Methods 


Experimental Procedure. A total of 584 carcasses dressed packer style 
were selected from the chilling room of a local packing plant into six 7-!b. 
weight ranges extending from 126 lb. to 167 lb. These weight divisions 
were assumed to correspond to a 10-lb. weight spread in live hogs ranging 
in weight from 180 to 240 Ib. (See table 1 for design of the experiment.) 

The data were collected between June 9 and August 10, 1955. There 
was no knowledge of the history of the animals from which the carcasses 
were derived except that they originated in Wisconsin, Northern Illinois, 
and Eastern Iowa. Carcasses were identified by weight groups as they 
left the scales on the kill floor and given an approximate visual grade to 
provide a constant running tally within each grade and weight range. 


1 Published with the approval of the Director of the Wisconsin Agricultural Experiment Station, 
Madison. This work supported in part by Oscar Mayer & Co. : 
2 Department of Animal Husbandry, Madison. 
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The routine at the local packing plant allowed selection of carcasses from 
approximately 10:00 a.m. to 2:00 p.m. Monday through Thursday, and 
the cutting of carcasses was done between 6:30 a.m. and 3:00 p.m. on 
the day following selection. This allowed an average chill time of 22% 
hours. Final selection within each division (weight and grade) was made 
according to U.S.D.A. standards only after accurate weight and backfat 
measurements were taken on the chilled split carcass. Chilling was done in 
the regular cooler rooms which were maintained at approximately 35° F. 

Twenty-five carcasses represented each of the U.S.D.A. swine carcass 
grades except culls within each of the six weight ranges as shown in 


TABLE 1. AVERAGE BACKFAT THICKNESS AND CARCASS LENGTH BY 
GRADE AND WEIGHT 











Over-all 
Weight group I II III IV V VI summary 
Carcass weight 126-132 133-139 140-146 147-153 154-160 161-167 126-167 
Est. live weight 180-189 190-199 200-209 210-219 220-229 230-239 180-239 
No. carcasses 100 100 100 100 100 84 584 
Item Carcass grade 
Av. U.S. No. 1 1.47 1.48 1.49 1.49 1.51 1.56 1.50 
backfat U.S. No. 2 1.70 1:76 ja A 1.79 1.78 1.80 1.78 
U.S. No. 3 1.96 2.00 2.04 2.05 2.08 2.45 2.05 
Medium 1.23 1.30 1.30 1.29 Poe 1.36 1.30 
Av. U.S. No. 1 28.3 29.1 29.0 30.0 29.7 30.5 29.4 
carcass U.S. No. 2 re 28.2 28.5 28.8 29.5 29.6 28.7 
length U.S. No. 3 26.9 pe 27.8 27.9 28.2 29.0 27.9 
Medium 29.2 79:5 29.8 30.5 38.3 31.4 30.3 





table 1 with the exception of the medium grade in the 161-167 lb. weight 
range where only 9 carcasses were selected. It was not possible to obtain 
an adequate supply of suitable carcasses in this group without exerting 
undue selection pressure. No attempt was made to control the sex ratio 
in the carcasses selected, however, sex was noted and recorded in all cases. 

Backfat thickness at the level of the first and last ribs and the last 
lumbar vertebra was taken and an average determined. Carcass length 
was determined by measuring the distance from the anterior edge of the 
first rib at its junction with the vertebra to the anterior edge of the aitch 
bone. These measurements, in conjunction with estimated degree of 
muscling, were used to establish the carcass grade as specified by the 
U.S.D.A. standards. 

The standard primal cuts of both sides of each carcass were cut by hand 
according to the procedure outlined by the Proceedings of the 5th Re- 
ciprocal Meats Conference. Loins were trimmed to a fat thickness of 
approximately one-half inch, and picnics were trimmed by accepted packer 
standards with the external fat beveled along the dorsal edge. 

Each carcass was marked with ink to maintain identity and each side 
was weighed individually to the nearest 0.1 lb. and recorded separately as 
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were the standard cuts from each side. All percentages and weights were 
derived as an average or total of the two sides. Loin eye tracings were 
made of a cross section cut of the Longissimus dorsi muscle between the 
10th and 11th rib of the left side only and the surface area determined in 
square inches with a compensating planimeter. The identity by side of 
all cuts was maintained for all carcasses until the desired weight and 
measurement data were obtained. Percent lean cuts was obtained by 
dividing the total carcass weight into the combined weights of the ham, 
loin, picnic, and Boston butt of both sides. 

Grading Individual Cuts. The same person graded the cuts throughout 
the tests on cuts from the left side of the carcass and the grade of the 
carcass from which the cut came was not available to the grader of the 
cuts. Pictures showing varying ratios of fat to lean in the butt end of the 
ham and in the blade end of the loin were mounted on the grading table 
for constant comparisons in an attempt to preserve consistency. 

Loins were graded prior to breaking at the 10th rib in order that the 
exposed loin eye would not be a factor in establishing loin grade. The 
over-all fat to lean ratio, the amount of marbling and seam fat, firmness 
and color of the lean in the blade end of the loin, and the grader’s evalua- 
tion of the general meatiness of the loin were the factors used to establish 
grade of loin. Figure 1 shows the reference pictures of the ratio of lean 
to fat in the blade end of the loins. 

Factors relating to lean to fat ratio, as well as color and firmness of 
lean, were considered in grading the fresh hams. Figure 2 illustrates typical 
examples of the variations noted in the butt end of the hams. Firmness in 
hams and loins was determined by touch while color was a visual deter- 
mination on the part of the grader. A light pink was considered to be the 
optimum or desired color in all cuts. 

Loins. No. 1 and No. 2 grade loins were both considered to be desirable 
for the retail trade whereas No. 3 and No. 4 grade loins were considered 
as generally undesirable for the retail trade. Descriptions of the grades 
follow. No. 1 grade loins were full and meaty throughout, firm to the 
touch and had minimum quantities of intermuscular fat (seam fat). Color 
of lean was desirable. No. 2 grade loins were moderately to heavily muscled 
with moderate amounts of intermuscular fat, and were firm to the touch. 
Color of lean was desirable. (Some slight two-toning allowed). No. 3 grade 
loins were either lightly or heavily muscled, had excessive seam fat and 
excessive marbling. Color was or was not desirable. No. 4 grade loins 
were soft to the touch, had a watery type lean with little or no intermus- 
cular fat or marbling. Color of lean was or was not desirable. 

Hams. Only the No. 1 grade hams were considered as acceptable for 
use as whole hams or as whole ham products in the retail trade. The No. 2 
and No. 3 grades were of approximately equal value but were both con- 
sidered as lacking in desirability for use as whole hams in the retail trade. 
A description of each grade follows. No. 1 grade hams were heavily mus- 
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Figure 1. (Upper) Fat to lean ratio standards used in grading loins. B and C 
were considered desirable and corresponded to loins grading No. 1 and No. 2 
respectively. A and D above were considered undesirable and were character- 
istic of the blade end of loins that graded No. 4 and No. 3 respectively. 

Figure 2. (Lower) Fat to lean ratio standards for the butt end of the fresh 
ham. No. 1 was considered as desirable and corresponded to No. 1 grade hams. 
No. 2 and No. 3 corresponded to No. 2 and No. 3 grade hams respectively. 


cled, firm to the touch, contained a minimum of intermuscular fat, and 
were uniformly light pink in color. (Some slight two-toning allowed.) No. 2 
grade hams were or were not muscular, were two-toned in color (both light 
and dark colored meat on the butt end), and had a watery type lean. No. 3 
grade hams were lightly muscled, firm, and had excessive intermuscular fat. 
Color was not an important consideration in this grade. 

The data were statistically analyzed as outlined by Snedecor (1951, 
1953) where applicable. In some cases the Duncan Multiple Range test 
was used to analyze for differences among groups. For analysis of co- 
variance barrow carcasses were arbitrarily assigned a value of 4 and gilts 
a value of 6. Carcass grades were assigned values as follows: Medium=0; 
US. No. 1=1; U.S. No. 2=2; U.S. No. 3=3. 

All linear measurements and weights were obtained to the nearest 0.1 in. 
or 0.1 Ib. 
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Results 


Backfat Thickness and Carcass Length. Backfat thickness and carcass 
length were considered only in connection with establishing carcass grade. 
The grade-weight means for these two characteristics are shown in table 1. 
The over-all average backfat thickness was 1.66 in.; the 322 gilt carcasses 
averaged 1.65 in. and the 262 barrow carcasses averaged 1.66 in. The 
over-all carcass length was 29.1 in. with gilts averaging 29.2 and barrows 
29.0 in. 

Lean Cut Yield. The sex-grade and the grade means for pounds of lean 
cuts, carcass weight, percent lean cuts, and the standard error of the grade 


TABLE 3. PERCENT HAM AND PERCENT LOIN YIELDED BY CARCASS 
GRADES AND WEIGHT GROUPS 











Over-all 

Weight group I II lll IV V VI summary 
No. carcasses 100 100 100 100 100 84 584 

Item Carcass grade 

% ham U.S. No. 1 19.6 19.5 19.1 19.4 19.2 19.4 19.4 
U.S. No. 2 18.3 18.0 18.4 18.3 18.3 18.3 18.3 
U.S. No. 3 17.4 17.3 16.9 17.4 17::2 16.9 1 Ye 4 
Medium 20.9 20.1 20.2 19.9 20.2 20.0 20.2 
% loin U.S. No. 1 1.3 15.4 15.4 3.5 15.3 15.6 15.4 
U.S. No. 2 14.7 14.3 14.7 14.6 14.7 14.8 14.6 
US. No. 3 13.8 I 13.8 13.7 13.7 13.4 13.6 
Medium 16.1 16.1 16.2 15.9 15.8 16.1 16.0 





means for percent lean cuts are shown in table 2. A Chi-square test indi- 
cated a higher frequency of gilts was selected in the U.S. No 1 and Medium 
grade groups than would be expected (P<0.01). Thus, under the condi- 
tions of season and region in this study gilts were meatier in appearance 
than barrows, which allowed more gilts than barrows to be selected into 
the meatier U.S. No. 1 and Medium grades and for more barrows than 
gilts to be selected into the fatter U.S. No. 3 grade group (P<0.05). 
Analysis of variance indicated no significant difference between the over- 
all average of 48.5% lean cut yield of barrow and the 48.6% mean of 
gilts. The barrow had a slight advantage in the U.S. No. 1 grade (50.4% 
vs. 50.1%) and in the Medium grade (52.5% vs. 52.4%). The yields by 
grade groups ranged from 52.5% in the Medium to 44.5% in the US. 
No. 3, with the U.S. No. 1 and U.S. No. 2 intermediate at 50.2% and 
47.4% respectively. Each grade mean differed significantly from all others 
(P<0.01) (Duncan, 1951). 

Ham and Loin Yields. The percentage of ham and loin is shown by 
grade-weight. groups in table 3. Barrow and gilt carcasses did not differ 
significantly in either percent ham or percent loin nor did sex interact 
with grade or weight. Analysis of covariance showed a significant asso- 
ciation between sex and percent ham (gross r=0.26) and percent loin 
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(gross r=0.18) both P<0.01), however, these associations appear to be 
of little practical importance. 

Highly significant differences existed among the carcass grade groups 
in percent ham and percent loin (P<0.01) but there was no significant 
difference among the weight groups. A pattern existed among the carcass 
grade groups which implies a negative relationship of percent ham or 
percent loin with backfat thickness. For example, the Medium grade 
carcasses (least amount of backfat—1.30 in—table 1) had the highest 
percentage ham of any of the four grades (20.2%). The U.S. No. 1, 
U.S. No. 2, and U.S. No. 3 grades yielded 19.3, 18.3, and 17.2% of ham 
and had 1.50, 1.78, and 2.05 in. of backfat respectively. The loin per- 


TABLE 4. PERCENT OF EACH GRADE OF HAM YIELDED BY THE 
VARIOUS C 





Ham grade No. 12 No. 2» No. 3» 





Carcass 


Grade No. 





U.S. No. 1 150 72.0 26.7 | 
U.S.No.2 150 66.0 24.7 9.3 
U.S.No.3 150 65.3 17.3 17.4 

7 68.0 ‘3 


Medium 134 30. 











a No. 1 grade hams are considered as desirable for use as whole ham products for retail. 
>No. 2 and No. 3 grade hams are considered as lacking in desirability for use as whole ham 
products for retail. 


centages were 16.0, 15.4, 14.6, and 13.6% for the Medium, U.S. No. 1, 
U.S. No. 2, and U.S. No. 3 grades respectively. 

Ham Grade. What was considered to be ham quality is summarized in 
table 4. The difference in the frequencies of No. 1 hams in the U.S. No. 1, 
U.S. No. 2, and U.S. No. 3 grade carcasses is not large, however, it should 
be noted that the increase in frequency from 65.3% in the U.S. No. 3 to 
72.0% in the U.S. No. 1 is an average increase of 10.3%. 

It was not feasible to test for differences in ham grades between carcass 
grade groups since there was no established advantage of either a No. 2 
or a No. 3 grade ham. 

The presence or absence of both light and dark colored muscle in the 
butt end of the ham was noted. This condition is referred to in this study 
as “‘two-toned”’. Of the 584 carcasses, 274 or 46.9% were classified as being 
two-tone. In gilt carcasses, 47.5% were two-toned as compared to 46.2% 
in male carcasses. By grades the condition was present as follows: U.S. 
No. 1, 46.7%; U.S. No. 2, 46.0%; U.S. No. 3, 38.0%; Medium, 58.2%, 
and by weight groups: I, 50%; II, 41%; III, 43%; IV, 54%; V, 47%; 
and VI, 46%. There did not appear to be any significant interactions of 
sex, grade, and weight in regard to this characteristic. 



















LEAN Cut YIELDS OF PoRK GRADES 649 


Hams with the two-toned condition were assigned a value of 1; those 
without the condition were given a value of 2. Gross correlation coefficients 
of two-tone and other characteristics were as follows: Sex, .007; carcass 
grade, .131; carcass length, .082; % lean cuts, —.170; loin grade, —.083. 

Loin Grades. The grades of loin produced by the different grades of 
carcasses are summarized in table 5 where it is shown that 86.6% (39.3% 
No. 1 grade loins plus 47.3% No. 2 grade loins) of the U.S. No. 1 car- 
casses yielded either a No. 1 or a No. 2 grade loin—both of which were 
considered as desirable for the retail trade. Only 13.4% (7.4 plus 6.0) 
of the U.S. No. 1 carcasses yielded loins of either No. 3 or No. 4 grade. 


TABLE 5. PERCENT OF EACH GRADE OF LOIN YIELDED BY THE VARIOUS 
CARCASS GRADE GROUPS 


No. 12 No. 28 No. 3» No. 








Loin grade 4b 











Carcass 

Grade No. 
US. No.1 150 39.3 47.3 7.4 6.0 
US. No. 2 150 19.3 Or ae 20.7 4 
US. No. 3 150 14.0 Fea ae.6 0:7 
Medium 134 20.8 a i 42.2 
as No. 1 and No. 2 grade loins are considered desirable for retail trade. 

» No. 3 and No. 4 grade loins are considered as lacking desirability for retail trade. 


Medium grade carcasses produced 44.9% (3.7 plus 41.2%) in the un- 
desirable categories. The U.S. No. 2 and U.S. No. 3 carcasses were inter- 
mediate between these two extremes with 76.6% (19.3 plus 57.3%) of 
the U.S. No. 2 carcasses producing either a No. 1 or a No. 2 grade loin 
and 23.4% (20.7 plus 2.7%) in the No. 3 or No. 4 grade. The U.S. No. 3 
carcasses yielded 66.7% (14.0 plus 52.7%) and 33.3% (32.6 plus 0.7%) 
in the desirable and undesirable categories respectively. 

As indicated in table 4, loins were divided into 4 grades instead of 3 
as was done with the hams and were considered as decreasing in merit as 
they changed in grade from No. 1 through No. 4. Barrow carcasses had 
an average loin grade of 1.71, 2.17, 2.21, and 2.55 for the U.S. No. 1, 
U.S. No. 2, U.S. No. 3, and Medium grades respectively. The gilts had 
average loin grades of 1.84, 1.96, 2.19, and 2.70 for the four carcass grades 
respectively. The loin grade did not differ significantly between sexes but 
there was a highly significant difference among the carcass grade groups 
(P<0.01). When gilts were arbitrarily assigned a value of 6 and barrows 
a value of 4 there was a positive gross correlation coefficient and a within 
weight group correlation coefficient of 0.019 and 0.024 respectively be- 
tween loin grade and sex, thus further indicating that sex exerted minor 
influence, if any, on loin grade regardless of carcass weight. 

Size of Loin Eye. The area in square inches of the loin eye between the 
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10th and 11th rib is shown for carcass grade and weight groups in table 6. 
The average for all 584 carcasses was 3.67 sq. in. The area increased con- 
sistently and significantly from the 3.44 sq. in. area of the lightest weight 
group (I) to the 4.41 sq. in. area of the heaviest group (VI). The average 


TABLE 6. SIZE OF LOIN EYE BY WEIGHT AND GRADE AND RESULTS OF 
MULTIPLE RANGE TEST 








Means for sex 
Means and wt. group 














GS: US. US. for wt. 
Carcass grade Medium No.1 No. 2 No. 3 groups M F 
Weight group 
I 3.84 S34zZ 3.18 3.01 3.44 3.35.8. 93 
II 3.80 3.43 3.40 onan ey! 332 3.67 
3.66 


III 4.03 3.95 3:50 3.22 3.68 3.69 








IV 











VI 










Over-all summary 










Total or av. by sex 





M 3.82 3.90 3.41 12 3.49 
F 4.04* 3.98 as72"" 5} ahha) 











® Represents the U.S. No. 1 grade in wt. group V. 
b Represents the medium grade in wt. group V. 
All groups included by a line do not differ. 
* or a dotted line represents 0.05 probability level. 
** or a solid line represents 0.01 probability level. 














of 3.81 sq. in. of loin eye area in the 322 gilt carcasses was significantly 
larger than the 3.49 sq. in. av. of the 262 barrow carcasses (P<0.01). 

There was no difference in loin eye area between gilts and barrows of 
U.S. No. 1 grade, however, gilts had significantly larger areas in the 
U.S. No. 2 grade (3.72 vs. 3.41 sq. in—P<0.01); in the U.S. No. 3 
grade 3.33 vs. 3.12 sq. in—-P<0.01); and in the Medium grade (4.04 
vs. 3.82 sq. in—P<0.05). 

In the weight groups there was a significant difference between the 
sexes in group V only (gilts 4.06 vs. barrows 3.32 sq. in.; P<0.01).. 
When the data for both sexes and all weight groups were combined and 
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considered by grade there was a highly significant difference among the 
carcass grade groups (P<0.01). Duncan’s Multiple Range test indicated 
there was no difference between the U.S. No. 1 (3.95 sq. in-) and the 
Medium grade (3.97 sq. in.) but both of these grades had significantly 
larger loin areas than the U.S. No. 2’s (3.56 sq. in.) and U.S. No. 3’s 
(3.21 sq. in.) (both P<0.01). The U.S. No. 2’s were significantly larger 
than the U.S. No. 3’s (P<0.01). 

Further testing within each weight group showed no difference between 
the Medium and U.S. No. 1 grades in any weight group (table 6), but 
both exceeded the U.S. No. 3 grade in all weights (P<0.01) and the 
U.S. No. 2 in all weights except IV and V (P<0.01). In group V the 
Medium and U.S. No. 1 means were ranked in reverse to their order in 
all other weight groups and the U.S. No. 1 was significantly larger than 
the U.S. No. 2 (P<0.05) and the U.S. No. 3 (P<0.01), but the 4.06 
sq. in. area of the Medium group did not differ from the 3.73 sq. in. area 
of the U.S. No. 2. In group V the Medium (4.06) and the U.S. No. 2 
(3.73) had larger loin areas than the 3.18 sq. in. area of the U.S. No. 3’s 
(P<0.01). The U.S. No. 2 grade had a significantly larger loin area in 
weight groups III, IV, and VI than did the U.S. No. 3 grade (P<0.05) 
but they did not differ in weights I and IT. 

It was desired to know how the size of loin eye compared among loin 
grades. Therefore, loins were grouped according to their own grade regard- 
less of the grade or weight of carcass from which they came. The 137 No. 1 
loins averaged 4.05 sq. in. of loin lean area; the 283 No. 2 grade loins 
averaged 3.56 sq. in.; the 95 No. 3 grade loins averaged 3.07 sq. in. and 
the 69 No. 4 grade loins averaged 4.11 sq. in. 


Discussion 


This study shows that when carcasses are grouped by weight as outlined 
in this study and graded according to USDA standards, the expected 
differences exist among the carcass grade groups for backfat thickness, 
carcass length, percentage of lean cuts, and quality of the wholesale cuts 
produced. This should be somewhat automatic since the first two, backfat 
thickness and carcass length, are important factors in determining carcass 
grade which in turn tends to regulate the third factor, percentage lean 
cuts. 

Heretofore there has been little basis for predicting the type or quality 
of wholesale or retail cuts that a particular grade carcass or a particular 
weight carcass would produce. This study indicates that carcass grade can 
be used as a measure of quality in either loins or hams. That U.S. No. 1 
carcasses yielded No. 1 grade loins at twice the frequency of either U.S. 
No. 2 or Medium grade carcasses and at approximately three times the 
rate of U.S. No. 3 carcasses has been shown. 

The accuracy of grading loins without breaking them through the center 
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has often been questioned. Quality indicators (softness and color of lean) 
can be determined visually and the results of this study indicate that a 
rather accurate estimate of meatiness in loins can be ascertained as evi- 
dence by the average loin eye area of the loin grades. 

The primary reason for loins being placed in the No. 3 grade was the 
presence of excessive seam fat and marbling in the blade end. That the 
incidence of seam fat and marbling in the blade end of the loin is greater 
in the groups with thicker backfat is indicated by the frequencies of No. 
3 grade loins in the various carcass grades. Only 7.4% of the loins from 
U.S. No. 1 carcasses were found to have excessive seam fat and marbling, 
but approximately 1 in 5 (20.7%) of the U.S. No. 2 carcasses and 1 in 3 
(32.6%) of the U.S. No. 3 carcasses produced loins with objectionable 
amounts of fat in the form of seam fat and marbling. There was a fre- 
quency of only 3.7% No. 3 loins in the Medium grade carcasses. This 
low frequency coupled with the high frequency (41.2%) of No. 4 grade 
loins (soft and watery) in the Medium carcass grade group indicates the 
existence of a minimum backfat thickness in order to produce the highest 
grade loins. 

The ham grading results indicate clearly that in hams from U.S. No. 2 
and U.S. No. 3 grade carcasses seam fat and excessive marbling increases 
as compared to U.S. No. 1 and Medium grade carcasses. Further, the inci- 
dence of soft, watery type flesh increases as the thickness of backfat de- 
creases. These results are in accord with those for loin grades and sub- 
stantiate the fact that not only maximal but also minimal quantities of 
finish must be considered for desirable quality in pork cuts. 

Kline and Hazel (1955) reported an average loin eye area of 3.36 sq. in. 
for hogs weighing 210 lb. prior to a 24-hour pre-slaughter shrinking period. 
In the present study an assumed 70% yield would approximate a 209-Ib. 
average live weight which is probably slightly heavier than the actual 
slaughter weight of the hogs studied by Kline and Hazel. Their average 
of 3.36 sq. in. of loin area is .31 sq. in. smaller than the 3.67 over-all 
average of the current study, but differs only .13 sq. in. from the 3.49 
mean of the barrow carcasses in this study. Kline and Hazel did not report 
the sex ratio of carcasses in their study, therefore a more direct comparison 
cannot be made. 

The “Meat-Hog Certification Program” utilizes the size of loin eye as a 
criterion of muscling. This involves cutting the loin through the center 
thus reducing the resale value of the loin under present marketing methods. 
In the present study the gross and within weight group correlation coeffi- 
cients of percent lean cuts and sq. in. of loin eye were 0.61 and 0.64, re- 
spectively. The gross and within weight group correlation coefficients were 
identical (both 0.90) for the association of percent ham and percent lean 
cuts. Although this high coefficient is partially autonomous, it appears 
that more attention should be given to this characteristic which is asso- 
ciated with approximately 81% of the variation in percent lean cuts. 
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Also it should be noted that on the basis of this study, gilts apparently 
have a better chance of meeting the standards for the current Meat-Hog 
Certification Programs than do barrows since they had a significantly 
larger loin eye (0.32 sq. in.), and had 0.2 in. greater length in the carcass 
at the same weight. 


Summary 


A total of 584 packer style carcasses (322 gilt and 262 barrow) were 
divided into six 7-lb. weight groups ranging from 126 to 167 lb. with 
each weight group divided into four carcass grade groups of 25 carcasses 
each (only 9 in Medium grade heavyweight group). Percent lean cuts 
were: U.S. No. 1, 50.2%; U.S. No. 2, 47.4%; U.S. No. 3, 44.5%; and 
Medium, 52.5% (all differed, P<0.01). Ham and loin values respectively 
were: U.S. No. 1, 19.4% and 15.4%; U.S. No. 2, 18.3% and 14.6%; 
U.S. No. 3, 17.2% and 13.6%; and Medium, 20.2% and 16.0% (ham % 
and loin % differed among carcass grade groups P<0.01). The over-all 
average loin eye was 3.67 sq. in. Gilts did not differ from barrows in the 
U.S. No. 1 (3.90 vs. 3.98) but gilts did exceed males in U.S. No. 2 (3.41 
vs. 3.72; P<0.01); U.S. No. 3 (3.12 vs. 3.33); Medium (3.82 vs. 4.04) ; 
and over-all grades (3.49 vs. 3.81; P<0.01). Desirable hams and loins 
were produced by 72% and 86.6% respectively of the U.S. No. 1 car- 
casses; 66.0% and 76.6% of U.S. No. 2 carcasses; 65.3% and 66.7% of 
the U.S. No. 3 carcasses; and 30.7% and 55.1% of the Medium carcasses. 
Hams with both light and dark muscles (two-toned) were produced by 
46.9% of the carcasses. Gilts had 47.5% and barrows 46.2%; U.S. No. 
l’s had 46.7%; U.S. No. 2’s had 46.0%; U.S. No. 3’s had 38.0% ; and 
Medium, 58.2%. Two-toning did not appear to be associated with weight, 
sex, carcass length, percent lean cuts, or loin grade. It was shown that 
carcass grade reflects a considerable portion of the relative muscling and 
quality in the wholesale cuts of pork from the different grades and that 
on the average loin eye size and quality can be quite accurately graded 
by the standards and conditions of this study. 
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T has been repeatedly demonstrated that nutritional levels of chlor- 

tetracycline in the ration of young ruminants have increased growth 
rate and efficiency of feed utilization (Lassiter, 1955; Rusoff et al., 1950, 
1951). Reports on the effect of antibiotics on the carcasses of these fast 
growing animals have been limited. In a previous study (Rusoff e¢ al., 
1954) it was observed that chlortetracycline-fed dairy calves were heavier 
and had larger carcasses and skeletal development than control calves. 

In lambs fed antibiotics, higher dressing percentages have been reported 
by Hatfield and Garrigus (1952) and Botkin and Paules (1954). The 
latter workers also reported a lower carcass grade for the antibiotic-fed 
lambs. 

Marion e¢ al. (1955) obtained a slightly higher dressing percentage and 
a lower carcass grade in yearling steers fed oxytetracycline. 

There are a few studies (Ashton et al., 1955; Perry et al., 1954; Pierce, 
1954; Wilson et al., 1953) on the effects of antibiotics upon the physical 
and chemical characteristics of the carcasses of simple-stomach animals 
but the results of these various experiments have been at variance with 
one another. 

The objectives of this experiment were to determine the effect of chlor- 
tetracycline upon the carcass yield, physicai characteristics and chemical 
composition of carcasses of 12 or 16 week-old dairy calves so as to obtain 
information which might help in determining the mode of action of this 
antibiotic. 


Experimental Procedure 


A total of 54 newborn male Jersey and Holstein dairy calves were used 
in this study. They were divided at random into three comparable groups 
according to breed. 

Group I served as the control and received the basal ration, Group II 
was fed 50-75 mg. chlortetracycline daily in the milk, and Group III 


1 This work was supported in part by a grant from the American Cyanamid Co., Pearl River, N. Y. 
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was administered intramuscularly 400 mg. chlortetracycline HCl in sesame 
oil weekly from 3 days of age until the calves were slaughtered. All calves 
were fed colostrum for the first 3 days of life and thereafter received whole 
milk up to 28 days of age at the level of 10% of the body weight. Good 
quality alfalfa hay and a plant protein calf starter (19% protein) were 
fed at 7 days of age. The calf starter for Group II was supplemented with 
0.5% Aurofac 2A.2 Management and feeding practices were similar for 
all groups during the entire experimental period. 

The calves were slaughtered in the L.S.U. Animal Industry Department 
abbatoir at 12 or 16 weeks of age. Carcass measurements were made 24 
hours after slaughter in the manner described by Naumann (1951). The 
carcasses were cut by standard procedure described by Hankins and Howe 
(1946). Two of the popular cuts in veal carcasses (the leg with shank and 
rump on, and the 6—12th rib section) were measured and weighed. Trac- 
ings of the cross section of the longissimus dorsi muscle at the 12th rib 
were made and the average planimeter area determined. The average 
shearing strength of 6 samples from each 12th rib cut was measured using 
the Warner-Bratzler tenderometer. The 12th rib cuts from the right side 
of all carcasses were separated into meat and bone, wrapped in laminated 
freezer paper and stored in an air-blast storage room at —20° F. Chemical 
analyses were made on these samples at a later date using the methods 
prescribed by the A.O.A.C. (1950). The data were subjected to statistical 
analysis according to the method of Snedecor (1946). 


Results and Discussion 


Table 1 gives the body weight gains, feed consumption, and utilization 
of feed efficiency of the dairy calves. All chlortetracycline-treated calves 
gained faster and consumed less TDN per pound of body weight gain 
as compared to the controls. The differences in body weight gains were 
statistically significant (P<0.01) at both slaughter dates in favor of the 
antibiotic-treated animals. 

Table 2 shows that the calves administered the antibiotic had heavier 
carcass weights and higher dressing percentages than the controls. These 
values were highly significant (P<0.01) in favor of the antibiotic calves. 
The higher priced cuts in the veal carcass such as the round (with shank 
and rump on) and the rib sections were increased in both size and weight 
in the calves given chlortetracyline (P<0.01). 

In table 3, the physical measurements of the carcasses of the antibiotic 
calves show an increase over those of the controls. These were found to 
be statistically significant at the P<0.01. The average shearing strength 
of the meat taken from the 12th rib cut is usually used as an index for 
carcass tenderness. Tenderness and lower shearing strengths are related. 


2 Supplied by the Lederle Lab., American Cyanamid Co., Pearl River, N. Y., and contained 3.6 
gm. chlortetracycline per Ib. 
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TABLE 2, EFFECT OF CHLORTETRACYCLINE ADMINISTRATION UPON 
SOME CARCASS CHARACTERISTICS OF DAIRY CALVES # 











No. of Carcass Dressing Weight Weight of 
Treatments Breeds animals weights percentage of round 6th to 12th rib 
lb. Ib. gm. 

12 weeks of age 
Control Jerseys 4 56.50 43.69 8.02 862.25 
Holsteins 2 89.40 48.97 13.39 1252.00 
Oral CTC Jerseys 4 67.00 45.61 9.68 1280.00 
Holsteins 5 95.40 50.96 14.16 1493.40 
Injected CTC Jerseys 4 67.00 44.40 9.88 1045.00 
Holsteins 5 97.60 49.18 14.60 1458.60 

16 weeks of age 
Control Jerseys 5 68.22 44.77 9.65 1095.20 
Holsteins 4 118.50 50.26 17.06 1799.50 
Oral CTC Jerseys 5 85.20 45.67 11.61 1432.80 
Holsteins 4 148.25 52.19 21.06 2331.50 
Injected CTC Jerseys 5 95.60 48.97 12.89 1565.20 
Holsteins 4 137.325 51.38 20.36 2205.00 





« See table 7 for the test of significance. 


In this study the effect of chlortetracycline on shearing strength of the 
meat was not consistent. Jersey carcasses were consistently lower in shear- 
ing strength and, therefore, more tender. 

Table 4 shows the larger planimeter area of the longissimus dorsi muscle 
at the 12th rib in the chlortetracycline-treated calves over the controls 
(P<0.01). Since this measurement has been demonstrated to be a good 
indication of the amount of meat in the carcass, it is implied that increased 


TABLE 3. EFFECT OF CHLORTETRACYCLINE ADMINISTRATION UPON 
THE PHYSICAL MEASUREMENTS OF THE CARCASS OF 
DAIRY CALVES 2 











Depth 
No. of Length Width Width of of body Shearing 
Treatments Breeds animals of carcass of round shoulder at 5th rib strength 
mm. mm. mm. mm. Ib./in. 
core 
12 weeks of age 
Control Jerseys 4 685.2 80.0 77.2 114.5 18.9 
Holsteins 5 745.8 113.2 100.3 11733 21.6 
Oral CTC Jerseys 4 713.5 83.0 85.5 121.9 19.7 
Holsteins 5 750.0 119.2 102.8 a7'.3 21.8 
Injected CTC Jerseys 4 718.0 82.5 82.0 117.9 19.6 
Holsteins 5 757.0 124.1 104.9 124.9 a41 
16 weeks of age 
Control Jerseys 5 721.4 82.5 79.8 118.7 18.4 
Holsteins 4 795.0 129.6 113.0 131.2 21.9 
Oral CTC Jerseys 5 769.2 95.0 90.8 127.4 15.7 
Holsteins 4 870.5 137.0 120.0 140.8 21.1 
Injected CTC Jerseys 5 785.0 104.8 95.7 130.4 17.4 
Holsteins 4+ 847.5 134.5 114.8 138.5 22.4 





® See table 7 for the test of significance. 
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TABLE 4. EFFECT OF CHLORTETRACYCLINE ON THE PLANIMETER AREA 
OF THE L. DORSI MUSCLE OF THE 12TH RIB OF DAIRY CALVES 
ey —- aR Chlortetracycline 

Treatments Breed Control Oral Injected 

a sq. in. sq. in. sq. in. 

16 weeks of age Jerseys 2.28 2:65 3.28 

Holsteins 3.59 4.52 4.49 

12 weeks of age Jerseys 1.84 2.66 PAY | 

3.00 3.06 


Holsteins 2.94 








total meat yield and increased overall carcass weight is a result of chlor- 
tetracycline supplementation. 

Table 5 summarizes the data on meat and bone separations of the 12th 
rib cut. There is a marked consistent increase in the values obtained for 
both the bone and meat of the 12th rib cut of the chlortetracycline-treated 
calves. This increase was highly significant at P<0.01. Guenther (1953) 
found that the major carcass quality characteristics of the 12th rib cut 
and the 9-10—11th rib section were highly correlated. Using the weights 
of the meat and bone of the 12th rib cuts as indices of total muscle and 
bone in a carcass, the effect of chlortetracycline administration to dairy 


TABLE 5. EFFECT OF CHLORTETRACYCLINE ON PHYSICAL SEPARATION 
OF THE 12TH RIB CUT OF CALVES FED RATIONS WITH OR 
WITHOUT ANTIBIOTIC 




















Bone Lean 
Treatments Breed Weight Weight 
gm. % gm. % 
16 weeks of age 
Control Jerseys 43.00 31.43 93.80 57 
Holsteins 63.75 27.45 166.00 12.25 
Oral CTC Jerseys 45.20 27.36 120.00 72.64 
Holsteins 79.00 27.36 209.75 72.64 
Injected CTC Jerseys 57.80 29.22 140.00 70.78 
Holsteins 74.25 27 45 199.25 72.85 
12 weeks of age 
Control Jerseys 40.50 36.82 69.50 63.18 
Holsteins 52.00 33.12 105.00 66.88 
Oral CTC Jerseys 44.25 31.61 95.75 68.39 
Holsteins 55.40 27.20 148.25 72.80 
Injected CTC Jerseys 42.75 33.46 85.00 66.54 
Holsteins 59.00 30.95 131.60 . 69.05 
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TABLE 6, EFFECT OF CHLORTETRACYCLINE ON THE CHEMICAL COMPO- 
SITION OF THE 12TH RIB MEAT AND BONE OF DAIRY CALVES 











12th rib meat 12th rib bone 
No. of Dry Ether Fat-free Dry 
Treatments Breed animals matter extract ® lean > matter Ash 
% % %e Jo % 
12 weeks of age 
Control Jerseys + 35.0 17.6 17.4 73.9 52. 
Holsteins 5 33.2 13.3 19.9 70.8 46. 
Oral CTC Jerseys 4 35.8 17.8 18.0 80.9 Las | 
Holsteins 5 33-5 13.3 20.2 77.0 49.2 
Injected CTC Jerseys 4 35.6 10.9 24.7 76.9 $h.2 
Holsteins 5 35.5 11.0 24.4 77.9 49.5 
16 weeks of age 
Control Jerseys 5 35.3 13.9 21.4 72.3 51.8 
Holsteins 4 32.4 17,3 1.2 76.5 50.8 
Oral CTC Jerseys 5 33.5 17.9 15.6 74.6 55.5 
Holsteins 4 32.9 20.3 2.0 75:2 o4.9 
Injected CTC Jerseys 5 35.5 11.0 24.4 77.9 49.5 
Holsteins 4 35.6 1Z.2 23.4 73.1 50.5 





a The differences of the ether-extract percentages between the injected group and the control or the 
oral group were significant at P<0.05 at 12 or 16 weeks of age. 

> The differences of the fat-free lean percentages between the injected group and the control or 
the oral group were significant at P<0.05 at 12 weeks of age; between the injected and the oral 
group at 16 weeks of age, P<0.01; between the control and the oral group, and between the control 
and the injected group, P<0.05. 


calves results in over-all body growth and not to a particular component, 
bone or muscular tissve. 

In table 6 is presented the chemical composition of the meat and bone of 
the 12th rib cut. At 16 weeks of age the percentages of ether-extract of 
the meat of the 12th rib cuts of the oral-fed antibiotic calves were much 
higher than those of the controls, whereas the values of the calves injected 


TABLE 7. MEAN SQUARES OF THE DATA ON THE EFFECT OF CHLOR- 
TETRACYCLINE ON SOME CARCASS CHARACTERISTICS OF 
DAIRY CALVES 








Planimeter 





area of 
Depth Weights of _L. dorsi 
Variance Length Width Width of of body Weights __ the 6th to at rear 
source of carcass of rounds’ shoulders at Sthrib of rounds 12 rib of 12th rib 
Treatment (T) 8967 .13** S55.85°" SOS.E7"" - 431,38" 30.65" 72eOer. i" — 3.96%" 
Breed (B) 40071.13* 18260.16** 7130.66**  628.88** 496.05** 3201781.4** 13.69** 
TXB 537.25 32.60 67 .86 eon 0.80 3182.1 0.095 
Age (A) 53445.58* 1166.68* 744.28 1232.76* 129.58*  2684919.9* 6.87 
AXT 15386.91 66.32 122.69** 77.40 4.51 68222.3 0.54 
AXB 2650.79 1304.76 750.55 356.97 100.05 1290020. 3 4.21 
AXBxT 11620.18** O37 .42"" 547.28°" 250.427 57.98**  780169.2* 3.24°* 
Error 1453.23 80.31 23.03 68.37 2.70 51277.0 0.29 





* Significant at P<0.05. 
** Significant at P<0.01. 
The significant test for breed, age, and ageXbreed was computed by using the mean square of 
breed treatment, age treatment, and ageXbreed treatment, respectively, instead of using the 
error mean square. 
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with chlortetracycline were lower. The latter group showed a higher dry 
fat-free lean percentage. The differences of the ether-extract percentages 
between the injected group and the control or oral group were significant at 
P<0.05 at 12 or 16 weeks of age. Statistical analyses of the data are 
shown in table 7. 

The differences of the fat-free lean percentages between the injected 
group and the control or oral group were significant at P<0.05 at 12 
weeks of age; at 16 weeks of age, the differences between the injected 
and oral groups were significant at P<0.01, and between the control and 
oral, or control and injected group, P<0.05. These data indicate that oral 
administration of the antibiotic increased fat deposition, whereas parenteral 
administration induced protein synthesis. It has been reported that carcass 
quality is directly related to percentage of ether-extract. Thus, the car- 
casses of the calves fed chlortetracycline showed a higher carcass quality 
over the controls, whereas the calves injected with chlortetracycline showed 
a reduction in carcass quality. The data indicate that the growth-promoting 
effect of chlortetracycline on young dairy calves is due to an increased 
efficiency in nutrient utilization, and results in over-all body growth, as 
indicated by bone and muscle weights and measurements. Thus the mode 
of action of chlortetracycline may involve certain endocrine systems and 
further work needs to be done to check this. 


Summary 


Fifty-four newborn Holstein and Jersey dairy calves were divided at 
random according to breed into three comparable groups. One group 
served as the control, another was fed 50-75 mg. chlortetracycline daily 
while the third was administered 400 mg. chlortetracycline weekly by mus- 
cular injection. The experimental period lasted 12 to 16 weeks. 

Calves fed or injected with chlortetracycline showed: A significant in- 
crease in growth rate and efficiency of feed utilization; significantly heavier 
carcass weights and higher dressing percentages; increase in size and 
weight of the higher priced cuts in the veal carcass, such as the round (with 
shank and rump on) and the rib section; higher meat yields as indicated 
by the planimeter area of the L. dorsi muscle; and no effect on tenderness 
as measured by the shearing strength of the 12th rib cut. 

Oral feeding of chlortetracycline appeared to increase carcass fat depo- 
sition, whereas parenteral administration appeared to enhance protein 
synthesis. 

The growth-promoting effect of chlortetracycline on young dairy calves 
resulted in over-all body growth as indicated by bone and muscle weights 
and measurements, suggesting that certain endocrine systems are involved 
or that increased efficiency in nutrient utilization results. 
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A COMPARISON OF THE MEHOD OF ADMINISTRATION OF 
STILBESTROL ON GROWTH AND CARCASS CHARAC- 
TERISTICS OF BEEF STEERS 


M. T. CLEGG AND F. D. Carrot 1 
University of California 


T is well recognized that stilbestrol, whether administered daily in the 
feed or implanted in pellet form subcutaneously, will result in increased 
gains in beef animals maintained on a high energy intake (Dinnusson 
et al., 1950 and Burroughs et al., 1954). Most investigators agree that 
the implantation of 60 mg. of stilbestrol will result in a reduction of car- 
cass grade, an increase in mammary development, and an elevation of the 
tailhead (Andrews et al., 1954; Clegg and Cole, 1954). 

On the other hand, it has been reported that the oral administration of 
stilbestrol at the rate of 10 mg. per head per day does not result in these 
undesirable effects (Burroughs et al., 1955; Payne, 1954). Perry e¢ al. 
(1955), on the basis of photographic records, were able to show that the 
oral administration did result in an increase in teat length, some elevation 
of the tailhead, and a relaxation of the lumbar vertebrae, but suggested 
these changes were not as marked as those obtained when stilbestrol was 
implanted. They also reported that the carcasses from stilbestrol-fed steers 
were slightly inferior to the control group. It may be that the degree of 
these effects is dependent upon dosage. 

Thus Burroughs et a/. (1955) found that the increase in gain was to 
some extent dependent upon the level at which stilbestrol was fed, but 
Kastelic et al. (1956) were unable to find any consistent relationship 
between carcass composition and dose. Had there been less variation in 
carcass characteristics among individuals within lots, their data would 
have greater significance. Differences in the level of total circulating hor- 
mone, nevertheless, may account for the fact that the oral administration 
of stilbestrol has less undesirable side effects than the implantation of 60 
mg. of this hormone. The present investigations were undertaken to com- 
pare the effects of implantation at low levels, with those of orally adminis- 
tered stilbestrol. 


Methods 


Twenty-four weanling Hereford steers weighing approximately 550 Ib. 
per animal, were randomly divided into three groups of eight animals each. 
All the animals came from the University of California’s range herd and 
were above average in uniformity of breeding, age, and quality. 

Group 1 received 10 mg. stilbestrol per head per day orally throughout 


1 Department of Animal Husbandry, Davis. 
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the experimental period; Group 2, a single implantation of one 15 mg. 
pellet subcutaneously in the ear; Group 3, no treatment. 

The stilbestrol administered to group 1 was first dissolved in vegetable 
oil (50 gm. per liter). Two liters of this solution were mixed thoroughly 
with 100 lb. of cottonseed meal to form a premix containing 1 gm. of stil- 
bestrol per lb. of meal. Subsequent dilutions of this premix with more 
cottonseed meal was added to the concentrate portion to furnish each steer 
with 10 mg. per day. 

The 3 groups received identical rations consisting of 60% ground barley, 
15% rolled oats, 20% molasses dried beet pulp, and 5% cottonseed meal 
(43% protein). This concentrate mixture supplied approximately 60% of 
the ration. Roughage consisting of 23 high quality alfalfa hay and 1% grain 
hay made up the balance. 

At the end of the 193-day feeding period and each week thereafter, 
two animals were selected from the different treatment groups on the 
basis of comparable finish. Slaughtering was done at a local packing house 
where U.S.D.A. grades and dressing percentage were obtained. The average 
experimental period was 207 days. 

The fat content of the carcasses of the steers was estimated from specific 
gravity measurements of a 7 rib section (6th, 7th, 8th, 9th, 10th, 11th, 
and 12th ribs). The percentage of fat was calculated using the values of 
1.155 and 0.894 as the specific gravities of the fat-free body and beef fat 
respectively (Lofgreen and Garrett, 1954). The area of the eye muscle, 
longissimus dorsi, was determined by tracing the outline of the 12th rib 
section and subsequently measuring the area by planimeter. This cut was 
physically separated into its constituents; bone, fat, and lean. From the 
separated lean, the moisture content and percent ether extract were deter- 
mined. In addition, selected wholesale cuts from each carcass were weighed 
in order to estimate percentage carcass cut-out values. 

Weights of the seminal vesicles, teats, and diameter of the prostate were 
obtained at slaughter. The seminal vesicles and prostate were fixed in 
Bouins for later histological studies on haemotoxylin-eosin stained sections. 

Besides this trial, many field trials were conducted to compare various 
levels of stilbestrol implantation with the daily administration of 5 or 
10 mg. of stilbestrol in the feed. Comparisons were made with respect to 
daily gain and carcass grade of steers. See table 4 for the general procedure 
followed in each of these trials. 


Results and Discussion 


Feed Lot Performance and Slaughter Data. Table 1 compares the feed 
lot performance among the three groups. There was no real difference in 
average daily gain between the group receiving stilbestrol in the feed and 
that group in which stilbestrol was implanted. Treated groups gained at 
a significantly higher rate (p<0.01) than untreated controls. 
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The maximum increase in gain for either treatment group over the un- 
treated controls occurred during the 60 to 80 day period following treatment. 
This observation is in accordance with earlier reports by Clegg and Carroll 
(1956). Gains for beth treated groups were comparable until the 150th 
day, but in subsequent periods the growth increase of implanted cattle 
was less than that of the stilbestrol fed group. The fact that the hormone 
was continuously administered throughout the feed period to this latter 
group may account for the difference in the rate of gain during the late 
period. 


TABLE 1. A COMPARISON OF FEED LOT PERFORMANCE AND SLAUGHTER 
DATA OF CONTROL STEERS, OF STEERS IMPLANTED WITH 15 MG. 
STILBESTROL, AND OF STEERS FED 10 MG. STILBESTROL PER 
HEAD PER DAY, AVERAGE EXPERIMENTAL PERIOD— 














207 DAYS 
Average 
Average Average Average daily food consumed Grades 
initial final daily -- - --— Average 
lreatment wt. wt. gain Roughage Conc. Total yield Choice Good 
lb. lb. Ib. lb. lb. lb. % No. No. 
Control 547 987 ram 4 6.9 11.6 18.5 60.8 7 1 
15 mg. pellet 
implant 548 1034 2.35" a8 12.6 20.0 61 2 8 0 
10 mg. per 
animal per 
day, oral 547 1044 | ala poe 12.5 19.7 61.4 6 2 





** Significantly different from control steers P<.01. 


Although the daily feed consumption of both treated groups was slightly 
more than that of the controls, there was little difference between treat- 
ments. Since these values represent only group averages, the significance 
of these small differences cannot be evaluated. No undesirable side effects 
such as elevation of the tailhead or excessive riding were noted during the 
fattening period. Live slaughter grades were comparable for all groups. 
There was no difference in the average percent yield between groups, nor 
was there a difference in cooler shrink. Although U.S.D.A. carcass grades 
were lowest for the stilbestrol-fed group, it is doubtful that this represents 
a real difference since the number of animals involved was small. 

Analysis of Carcass Constituents and Cut-out Values. Table 2 sum- 
marizes the data on the analysis of the carcass constituents. No significant 
differences among groups could be demonstrated for any of the factors 
measured. Thus, the average percentage of fat, lean, bone, moisture, and 
ether extract, and the eye muscle area were essentially the same for each 
treatment. It is entirely possible that had a shorter time elapsed between 
treatment and slaughter than the 200 days of this trial, more noticeable 
effects on the carcasses would have been obtained. Previous work by Clegg 
and Carroll (1956) indicated that the longer the interval between treat- 
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TABLE 2. A COMPARISON OF CARCASS CONSTITUENTS OF STEERS BE- 
TWEEN UNTREATED, IMPLANTED WITH 15 MG. STILBESTROL, AND 
FED 10 MG. STILBESTROL PER HEAD PER DAY. EXCEPT WHERE 
INDICATED, DATA APPLIES TO 12TH RIB CUT 








Composition, % 











Ether 
Treatment Fat Lean Bone Moisture extract Eye muscle area 
a b Sq. in. 

Control 38.3 37.9 47.9 14.2 734 1.5 10.9 
15 mg. pellet 

implant 37.3 1.0 48.0 14.4 73.4 9.9 10.6 
10 mg. per 

animal per 

day, oral 38.7 38.3 48.2 13.5 73.6 10.5 10.6 

R - _ 1.155—Gw 
&@ Calculated from density of seven rib cut F =—p016 


» Physical separation of 12th rib cut. 


ment and slaughter, the less noticeable were the effects on protein forma- 
tion and fat deposition. 

A comparison of the percentage of some of the wholesale cuts from the 
carcasses of each group indicated a slight but significant increase (p< 0.05) 
in the percent of rump of both treated groups over the controls. There was 
no difference, however, in the percentage of chuck, loin, or kidney among 
the groups (table 3). 

Effects on Accessory Reproductive Tissue. As would be anticipated, there 
was a marked increase in the weight and size of the prostates, seminal 
vesicles and teats as a result of treatment. Thus, for the untreated group, 
the average teat weight was 8.81 gm.; seminal vesicles, 5.76 gm.; prostate 
diameter, 2.2 cm. For the stilbestrol fed group the average teat weight was 
19.29 gm.; seminal vesicles, 26.18 gm.; prostate diameter 2.9 cm. For the 
stilbestrol implanted group, the average teat weight was 14.48 gm.; seminal 
vesicles 22.98 gm.; prostate diameter, 2.8 cm. 


Histology of the Accessory Reproductive Tissues 
Seminal Vesicles. Although the epithelial cells lining the lumens vary 
from tall columnar to cuboidal depending upon the size of the vesicle in 


TABLE 3. A COMPARISON OF THE PERCENTAGE OF SOME OF THE 
WHOLESALE CUTS OF THE VARIOUS TREATMENT GROUPS 








Rump and 
Treatment Chuck Loin strip top sirloin Kidney 
% % % % 
Control 26.6 5.84 7.28 0.134 
15 mg. pellet implant 26.8 5.83 dae 0.137 
10 mg. per animal 
per day, oral 26.8 5.56 7263" 0.128 





* Significantly different from control steers P<.05. 
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which they are located, the epithelium of the treated glands appears taller 
than that of the controls. In general the vesicles of untreated glands are 
smaller in diameter. In these glands the epithelium contains a clear cyto- 
plasm whereas pale pinks staining cytoplasmic granules can be distinguished 
in the epithelial cells of treated tissues. The difference in size between 
treated and control seminal vesicles can be accounted for by hypertrophy 
of the fibro-muscular layers. In addition, the lumens of the vesicles contain 
larger amounts of secretory material. 

Prostate. The tremendous increase in the size of the treated prostrate 
is largely associated with an increase in the glandular portion of the pars 
disseminata. Histological sections through the colliculis seminalis show 
no differences in the muscular connective tissue layers between stilbestrol 
treated and control steers; however, the glandular portion is hypertrophied. 

In treated tissue, epithelial cells lining the lumens are usually high 
columnar and contain pale pink staining cytoplasm which is particularly 
prominent at the cell apex. The tips are extruded, suggesting an apocrine- 
like secretion. Within the lumens of these treated glands is a pink staining 
material consisting in part of cellular debris. In contrast, epithelial cells 
of the non-treated glands have a low columnar to cuboidal type epithelium 
whose tips are not elongated. 

The fact that there were no differences in histological response in the 
prostate and the seminal vesicles between stilbestrol implanted and stil- 
bestrol fed animals would indicate that the physiological response obtained 
was independent of the mode of administration. In mammals, the fibro- 
muscular layer of the seminal vesicles and prostates is normally responsive 
to estrogens. Thus, the hypertrophy of this tissue in treated glands is not 
unexpected. Of more interest is the stimulation of the prostatic epithelium, 
a response attributed to androgens. 


Summary of Field Trials 


Table 4 summarizes the data obtained on a large number of field trials 
in which various levels of implantation of stilbestrol were compared with 
the oral administration of 10 mg. per head per day. These results indicate 
no difference in average daily gain or feed efficiency between cattle im- 
planted with a single 15 mg. pellet of stilbestrol or those fed 10 mg. of 
stilbestrol per head per day. Similarly, there is essentially no difference in 
carcass grade between animals so treated and their controls. 

But, when animals are implanted with 60 mg. a higher average daily 
gain, a larger increase in feed efficiency, and a greater reduction in carcass 
grade are obtained. These data support the fact that higher implant levels 
of stilbestrol, although giving a better growth response, do so at a sacrifice 
in carcass grade. Lower implant levels appear to cause less undesirable side 
effects; such as an elevation of the tailhead, a relaxation of the pelvic liga- 
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ments, and a lower carcass grade, than do higher doses. The average percent 
difference from the controls of daily gain, feed efficiency and carcass grade 
score for all these trials have been summarized in table 5. 


TABLE 5. PERCENT DIFFERENCES BETWEEN TREATED AND UNTREATED 
STEERS WITH RESPECT TO FEED LOT PERFORMANCE AND CARCASS 
EVALUATION, CONTROLS=100 








Average Feed spared per Carcass 





Treatment No.trials No.animals daily gain 100 lb. gain scores* 
10 mg. oral 10 689 115 107 99 
15 mg. implant 7 143 114 111 101 
30 mg. implant 8 271 124 119 98 
60 mg. implant 13 404 123 121 96 





a Choice=10, good=8, commercial—6. 


Summary 


Different levels of subcutaneous implantation of stilbestrol were com- 
pared with the oral administration of 10 mg. per steer per day. Results 
indicate that one 15 mg. pellet implanted subcutaneously in the ear pro- 
duces the same response as feeding 10 mg. of stilbestrol per animal per 
day throughout the fattening period. Either treatment results in an average 
increase in gain of approximately 15%, an average increase in feed effi- 
ciency of approximately 10% and no effect on carcass grade or carcass 
composition. Both treatments cause a comparable increase in size of teat, 
seminal vesicle, and prostate. Histological studies indicate that the physio- 
logical effects are the same regardless of method of administration. Im- 
plantation of 30 to 60 mg. results in an average daily gain increase of ap- 
proximately 25%, an average increase in feed efficiency of 20% and a 
slight reduction in carcass grade. 
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EFFECT OF LIVE-CELL YEAST ON NITROGEN RETENTION 
AND DIGESTIBILITY OF RATIONS BY BEEF CATTLE’ 


JosePpH R. LEGENDRE, R. ToTUSEK AND WILLIS D. GALLUP 
Oklahoma Agricultural Experiment Station * 


AS a result of the recent emphasis on feed additives in livestock rations, 
an important question has been raised regarding the value of live-cell 
yeast suspensions in beef cattle supplements. In fact, numerous reports 
from the field make the empirical claim of increased rate of gain, greater 
feed efficiency, and improved digestibility in cattle fed live-cell yeast. 

In early work, however, Voltz (1919) found that live-cell yeast was not 
well utilized by sheep, and stated further that yeast in the active state 
should not be fed to these animals. Beeson and Perry (1952) have reported 
that the addition of live-cell yeast suspensions to a ration of ground corn 
cobs and Purdue Cattle Supplement A gave an apparent, but not statisti- 
cally significant, growth response in cattle. Other research with fattening 
rations has failed to show that such addition increases digestibility (Baker 
et al., 1955; Richardson et al., 1956), although it has been reported that 
yeast extract has a stimulatory action on cellulose digestion in the arti- 
ficial rumen (Ruf e¢ al/., 1953). An attempt has been made to resolve the 
problem through a study of the effect of live-cell yeast on nitrogen reten- 
tion and digestibility in steers fed low-quality roughage, high-quality 
roughage, and high-energy fattening type rations. 


Experimental 


Twelve grade Hereford steer calves approximately 10 months old and 
averaging 530 lb. were used in this series of three digestion and nitrogen 
balance trials. The steers were stanchioned in false-bottom metabolism 
stalls (Nelson e¢ al., 1954) and given a week to become accustomed to 
their new environment and the rations to be fed. Techniques of the trials 
were essentially the same as those described by Fontenot et al. (1955). 

The low-quality roughage ration fed in trial 1 was composed of cotton- 
seed hulls, 2724 gm., cottonseed meal, 908; yeast carrier grains, 227; 
steamed bone meal, 45.4; salt, 27 and a vitamin A-D supplement. The 
high-quality roughage ration of trial 2 contained alfalfa and prairie hay 
(1:1), 3632 gm.; yeast carrier grains, 227 and salt, 27. The fattening 
ration of trial 3 contained cottonseed hulls, 1589 gm.; dehydrated alfalfa 
meal, 454; cottonseed meal, 681; milo, 2724; yeast carrier grains, 227 and 
salt, 27. The yeast carrier grains consisted of a mixture of 65% wheat 
shorts, 30% milo and 5% yellow corn. In each trial, six of the 12 steers 


1 This research was supported in part by a grant-in-aid from Vita-Vex, Inc., Kansas City, Missouri. 
2 Department of Animal Husbandry and Agricultural Chemistry, Stillwater. 
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received this grain mixture which, according to the manufacturer, contained 
40 million live-cells per gram; the other six steers received the same amount 
of a grain mixture of essentially the same composition (control ration) 
without the yeast organisms. The chemical composition of the complete 
rations and the amounts fed daily are shown in the first part of table 1. 

The steers that received yeast in each trial were selected at random. To 
minimize carry-over effects, a 10-day period was allowed at the end of 
each trial before beginning the preliminary period of the next trial. Pre- 
liminary and collection periods were each of 10 days duration. Results were 
treated statistically according to methods described by Snedecor (1946). 


TABLE 1. COMPOSITION OF RATIONS AND SUMMARY OF RESULTS 














Trial : umber 1 2 3 
Ration type Low quality roughage High quality roughage Fattening type 
Ration designation * Control Yeast Control Yeast Control Yeast 
Dry matter intake, daily, gm. 3657 3653 3595 3623 5162 5172 
Composition of dry matter, % 
Organic matter 94.6 95.0 91.5 91.6 96.2 96.4 
Protein 14.8 14.8 E22 bee 4 aS. 13.8 
Ether extract 24 2A ae | : a | 3.6 s:$ 
Crude fiber 32.6 32.5 30.2 30.0 16.0 16.0 
N-free extract 45.1 45.6 46.5 46.7 63.1 63.1 
Apparent digestibility, % 
Organic matter 54.8 55.7 65.6 64.9 63.4 63.9 
Protein 49.2 48.6 62.3 62.6 48.5 48.3 
Ether extract 86.4 81.5 49.2 47.1 80.4 71.3 
Crude fiber 45.6 47.4 61.8 60.1 Bi I 31.1 
N-free extract 61.7 62.6 69.5 69.2 73:3 74.9 
Nitrogen balance data, gm. 
Intake 86.7 86.4 69.8 70.9 113.1 113.8 
Feces 44.0 44.2 26.3 26.4 58.2 59.0 
Urine 30.1 27.8 38.7 39.0 29.2 ES ie 
Digested 42.7 42.2 43.5 44.5 54.9 54.8 
Retained 12.6 14.4 4.8 5.5 25.7 22.7 
As percent of intake 14.5 16.7 6.9 139 22.7 19.9 
As percent of digested 29.5 34.1 11.0 12.3 46.8 41.4 





2 The yeast rations supplied 9 billion live yeast cells per steer daily. 


Results and Discussion 


The apparent digestibility of nutrients in each ration and the nitrogen 
balance data are shown in table 1. 

In trial 1, in which the low-quality roughage ration was fed, the addition 
of live-cell yeast had no marked effect on the digestibility of nutrients 
other than ether extract. The small increase in average digestibility of 
crude fiber, 4%, did not prove to be statistically significant and was not 
confirmed in the other trials with different rations. The decrease in average 
digestibility of ether extract in the yeast ration, 81.5% as compared to 
86.4% in the control ration, may be of more consequence than is im- 
mediately apparent. Although the nutritional value of ether extract in the 
low-quality roughage ration may be questioned, it is nevertheless significant 
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that the digestibility of this nutrient was decreased to a similar extent in 
the high-quality roughage ration of trial 2, and to a lesser extent in the 
fattening ration of trial 3. In the latter trial average ether extract digesti- 
bility was reduced from 80.4 to 77.3%. The digestibility of other nutrients 
was unchanged. Such effects, when considered in relation to the low fat 
tolerance of ruminants, particularly sheep, may provide a partial explana- 
tion of the adverse results of yeast feeding reported by Voltz (1919). 
Further, an examination of the data reported by Richardson e¢ al. (1956) 
shows that the digestibility of ether extract alone was consistently de- 
pressed in steers fed suspensions of different strains of live-cell yeast. Obser- 
vations made by those workers implicate the yeast cells in the less favorable 
growth response and skin condition of the animals so fed. 

The nitrogen balance data of table 1 add weight to the results of feed 
lot trials described in earlier reports from the Oklahoma station (Pope 
et al., 1955, 1956). In the present study, nitrogen retention expressed 
either as a percentage of the intake or as a percentage of the digested 
nitrogen was not improved significantly by addition of the yeast cells to 
any of the three rations. In fact, average retention values were unfavorable 
to yeast in the fattening ration, although favoring it in the roughage ra- 
tions. In the feed lot trials with high-silage fattening rations, the gain 
made by steers fed live-cell yeast in a complex protein supplement was no 
greater than that of control steers fed a supplement of straight soybean 
oil meal. 


Summary 


In digestion and nitrogen balance trials with steers, the addition of live- 
cell yeast to low-quality roughage, high-quality roughage and fattening 
type rations depressed the digestibility of ether extract in each ration. The 
digestibility of other nutrients was unaffected. Differences in nitrogen 
retention, which favored yeast in the roughage rations only, were not sig- 
nificant. 
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NUTRITIVE VALUE OF SOME PROTEIN SUPPLEMENTS FOR 
SHEEP AS DETERMINED BY GROWTH, DIGESTIBILITY 
AND NITROGEN RETENTION 


WALTER R. Woops, WILLIs D. GALLUP AND ALLEN D. TILLMAN 
Oklahoma Agricultural Experiment Station ' 


i a previous comparison of oil meals as protein supplements for sheep 
(Briggs et al., 1946) soybean meal proved to be superior to cottonseed 
meal in nitrogen digestibility but not in biological value of nitrogen. 
Peanut meal which was equal to soybean meal in digestibility of nitrogen 
was inferior in terms of biological value. Earlier studies by Miller et al. 
(1937) had showed that lambs utilize with equal efficiency the nitrogen 
in rations containing soybean meal, linseed meal and corn gluten meal. 
Their results, together with the results obtained by Johnson et al. (1942) 
with lambs fed urea rations, afford the best evidence of the similarity in 
biological value of widely different protein supplements for ruminants. 
Nevertheless, Lofgreen et al. (1947) have reported that, for sheep, egg 
protein is superior to linseed meal in biological value, and similarly 
Chalmers and Synge (1954) have reported herring meal to be superior 
to casein. The reason for such differences is not entirely clear. 

Because of new developments in processing oil meals, attended by change 
in nutritive value (Miller and Morrison, 1944; Eagle et al., 1956), and 
because of the wide use of these products in ruminant rations, it seemed 
worth while to compare certain ones on the basis of growth promoting prop- 
erties, digestibility and biological value of nitrogen. 


Experimental 


The oil meal supplements selected for comparison were two samples of 
cottonseed meal,” one of low and one of high nitrogen solubility, a sesame 
oil meal, and a mixture of sesame and solvent-processed soybean oil meal 
in which one-third of the protein was supplied by sesame and two-thirds 
by soybean meal. The protein content of the four supplements ranged from 
40 to 46%, air dry basis. 

Growth Trial. The supplements in amounts calculated to supply 67% of 
the total ration nitrogen were incorporated in a ration of cottonseed hulls, 
50% ; cane molasses, 20%; corn oil, 0.2%; salt, 0.5%; oil meal supple- 
ment, 12.3-13.3%, and sufficient cerelose to make 100%. Calcium carbonate 
and dicalcium phosphate were included in amounts to provide the same 
percentage of calcium and phosphorus in all rations. Vitamins A and D 

1 Departments of Animal Husbandry and Agricultural Chemistry, Stillwater. 


2 The cottonseed meals were obtained through Garlon A. Harper, National Cottonseed Products 
Association, Inc., Dallas, Texas. 
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were supplied as quadrex, type IV,° 0.1%. The chemical composition of 
the rations and oil meals is shown in table 1. 

The experimental animals were 24 newly weaned wether lambs weighing 
about 55 lb. Several days before being put on the experimental rations, 
they were drenched with a preparation of phenothiazine and lead arsenate. 
The lambs were then divided randomly into four ration groups of six each. 
They were kept in individual pens and fed all they would consume each 
day for a period of 56 days. Initial and final weights of the lambs were 
taken after 12-hour shrink periods. 


TABLE 1. PERCENTAGE COMPOSITION OF RATIONS AND SUPPLEMENTS 
(DRY MATTER BASIS) 








Organic Protein Ether Crude N-free 
Rations and supplements matter (NX6.25) extract fiber extract 





Rations, trial] 14 


Cottonseed meal, LNS 94.6 9.0 1.0 26.8 SHid 
Cottonseed meal, HNS 94.3 8.8 0.8 26.9 57.8 
Sesame oil meal 94.3 9.8 1.5 25.5 Pe 
Sesame and soybean oil meal (1:2) 94.1 9.3 1.0 25.8 58.0 
Rations, trial 2 
Cottonseed meal, LNS 94.6 8.7 Ls 24.0 60.8 
Cottonseed meal, HNS 94.8 8.7 1.5 23.8 61.9 
Sesame oil meal 94.6 9.6 1.4 23:2 60.4 
Sesame and soybean oil meal (1:2) 94.7 9.0 1.8 22.9 61.1 
Supplements 
Cottonseed meal, LNS 94.4 42.7 4.3 13.9 33.5 
Cottonseed meal, HNS 93.9 42.0 ae 13.2 36.0 
Sesame oil meal 89.1 48.2 6.4 5.8 28.7 
Sesame and soybean oil meal (1:2) 90.7 48.2 3.0 5.3 34.2 





® Ration used in growth trial had the same percentage composition. 


Digestion and Nitrogen Balance Trials. Two digestion and nitrogen 
balance trials were conducted with the lambs at the end of the growth trial. 
There were 12 lambs in each trial, three lambs from each of the four 
ration groups being fed the same supplement as they had received in the 
growth trial. Immediately preceding each trial, however, the lambs were 
put on a common ration containing about 7% protein for a standardization 
period of 12 days. They were then transferred to metabolism crates (Briggs 
and Gallup, 1948) and fed a constant amount of their respective rations 
for successive 7-day preliminary and 10-day experimental periods. In the 
interval between the growth trial and the standardization period of the 
second trial the lambs were continued on their initial rations. 

The rations in the first trial were formulated like those fed in the 
growth trial, 67% of the nitrogen being supplied by the supplements under 
comparison; corn oil, however, was omitted. Through error, the final pro- 


3 Supplied by Dr. M. Hochberg, Nopco Chemical Company, Harrison, New Jersey. 
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tein content of the sesame ration, 9.8%, was higher than that of the other 
rations which fell between 8.8 and 9.3%, dry matter basis. The phosphorus 
content of the sesame ration was increased by the addition of 0.2% mono- 
sodium phosphate and the calcium and phosphorus of the other rations 
adjusted with dicalcium and monosodium phosphate to the same levels as 
in that ration. 

The rations in trial 2 were formulated like those in trial 1 except that 
corn oil was included (less than 0.7%) to adjust fat levels to that of the 
sesame ration. The chemical composition of the rations is shown in table 1. 

In both trials the lambs were fed equal amounts of ration twice daily. 
Water was always available. Feces and urine were collected and prepared 
for analysis (A.O.A.C.) as described by Tillman and Swift (1952). Nitro- 
gen solubility in the cottonseed meals was determined by the method of 
Lyman et al. (1953). Results were tested for significance by analysis of 
variance as described by Snedecor (1946). 


Results 


The results of the growth trials are shown in the first part of table 2. 
Lambs fed rations containing cottonseed meal of low and high nitrogen 
solubility made average daily gains of 0.26 and 0.30 Ib. per day, as com- 
pared to 0.34 and 0.36 lb. for those fed the sesame and sesame-soybean 
oil meal combination, respectively. Statistical analysis of the growth data 
failed to show that the difference between the rations containing cotton- 
seed meal and those containing sesame oil meal was significant at the 5% 
level of probability. In terms of feed efficiency and protein efficiency ratios, 
however, the cottonseed meal rations were definitely inferior (P<0.05). 
Differences between the two cottonseed meal rations and between the 
two sesame oil meal rations were not significant at the 5% level. The trend 
in these growth results favored the cottonseed meal of high nitrogen solu- 
bility over the one of low nitrogen solubility. 

Digestibility of nutrients, shown in the middle of table 2, was lower for 
the cottonseed meal rations than for the sesame and sesame-soybean oil 
meal combination, the differences in digestibility of protein and of nitrogen- 
free extract in this comparison being highly significant (P<0.01); other 
differences were not. Differences between the two cottonseed meal rations 
or between the two rations containing sesame oil meal failed to show sig- 
nificance or to establish a trend consistent with the results of the growth 
trial. 

The nitrogen balance data shown in the last part of table 2 afford further 
evidence of the superiority of the rations containing sesame oil meal or 
sesame and soybean oil meal over the cottonseed meal rations. Low nitro- 
gen retention, 6.3 and 4.4% of the intake, by lambs on the cottonseed 
meal rations resulted from high-excretion of nitrogen in the feces. Fecal 
nitrogen excretion on the other two rations was less, despite high nitrogen 








678 Woops, GALLUP AND TILLMAN 


intake, and 14.1 and 8.6% of the total intake was retained. These differ- 
ences approached statistical significance. Average nitrogen retention ex- 
pressed as a percent of digested nitrogen to allow for differences in digesti- 
bility, did not change the order of the results. 

It is evident from a consideration of all the data that the cottonseed meal 
rations were inferior in nutritive value to the rations containing sesame 


TABLE 2. GROWTH, DIGESTIBILITY AND NITROGEN BALANCE DATA 
OBTAINED WITH LAMBS FED DIFFERENT PROTEIN SUPPLEMENTS # 








Response of lambs to rations» containing— 








Sesame 
Cottonseed Cottonseed Sesame soybean oil 
Criteria meal, LNS meal, HNS oil meal meal (1:2) 
Growth trial 
Feed intake, lb. 3.43 3.75 3.49 3.79 
Gain, lb. 0.26 0.30 0.34 0.36 
Feed per lb. gain, Ib. 13.90 12.58 10.32 10.65 
Protein efficiency ratio® 0.92 1.6 1.24 1 2z 
Digestion trials 4 
Dry matter intake, gm. 589. 589. 589. 587. 
Protein of dry matter, % 8.9 8.8 9.7 9.2 
Digestibility of 
Organic matter, % 58.4 55.7 62.0 62.2 
Protein, % 29.0 27.6 36.6 37 
Ether extract, % 78.3 61.5 82.7 67.9 
Crude fiber, % 42.6 40.5 44.6 46.5 
N-free extract, % 69.2 66.8 72.9 724 
Nitrogen balance 4 
Nitrogen intake, gm. 8.3 8.2 9.2 8.6 
Nitrogen in feces, gm. 5.9 6.0 5.8 5.4 
Nitrogen in urine, gm. 1.9 1.9 2.4 ye 
Nitrogen retained, gm. 0.5 0.3 1.3 0:7 
As percent of intake 6.3 4.4 14.1 8.6 
As percent of digested 20.2 15.5 36.5 23.0 





@ Values are on an average daily basis. 

b LNS and HNS refer to low and high nitrogen solubility. 

¢ Gain per unit of protein intake. 

4 Because of feed refusals, the number of lambs on each ration in the above order was six, five, 
four and five, respectively. 


or the 1:2 sesame-soybean oil meal combination. The results point toward 
a difference between the supplements in quality of protein and might be 
so interpreted. However, in the comparison of the two cottonseed meals 
differences in nutritive value were not of sufficient magnitude to relate 
them with confidence to a difference in nitrogen solubility or protein quality 
as has been done with non-ruminants (Lyman et al/., 1953). Further, in 
the comparison of the sesame oil meal ration and sesame-soybean oil meal 
combination, differences were too small relative to individual variation to 
supply evidence of a difference in protein quality, although according to 
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the data of Almquist and Grau (1944) a difference in quality exists in 
favor of the combination. 

Thus, the reason for the marked difference between the cottonseed meal 
rations and the other two rations in digestibility and in animal response 
is not obvious, and may be related to dietary factors other than protein 
quality, per se. As a possible contributing factor the cottonseed meals 
were higher than the other meals in crude fiber, a natural constituent of 
low nutritive value that affects digestibility of other nutrients, particu- 
larly of protein, in different ways. Quantitative differences between the 
rations in crude fiber were only about 1%. Apparently fat differences 
were not involved since equalization of fat in the different rations by the 
addition of less than 0.7% corn oil in trial 2 did not alter the results. 
Adequate amounts of the major minerals such as salt and calcium phos- 
phate were present, and other common mineral elements were provided 
by the molasses in the four rations; there remained, very likely, a small 
difference in mineral distribution. Because of the favorable results obtained 
by the addition of specific minerals and of plant ash to rations based on 
corn cobs and other similarly deficient roughage (Burroughs et a/., 1950a; 
Tillman et al., 1954) it seems logical to speculate along this line; and, in 
this connection, to call attention to other factors in different plant products 
which have a stimulatory effect on ruminant digestion and feed utilization 
(Burroughs et al., 1950b; Ruf et a/., 1953). Under the conditions imposed 
by feeding semipurified rations or rations restricted largely to low-quality 
roughage such stimulatory (or inhibitory) factors in protein supplements be- 
come of singular importance for ruminants. Burroughs and Gerlaugh (1940) 
in the interpretation of unpredictable results with soybean oil mea! as a 
protein supplement in corn cob rations make the following relevant: state- 
ment, “The possibility exists that soybean oil meal might have contributed 
some beneficial nutritional property to the ration other than protein’. 
Work on this problem is being continued in this laboratory. 


Summary 


Cottonseed meal of low and high nitrogen solubility, sesame oil meal and 
a sesame-soybean oil meal (1:2) mixture were compared as protein sup- 
plements for lambs in growth, digestion and nitrogen balance trials. All 
measurements of nitrogen utilization, and also feed efficiency and digesti- 
bility of non-nitrogenous nutrients, favored the sesame and sesame-soybean 
oil meal combination over the two cottonseed meals. Low digestibility of 
nitrogen characterized the cottonseed meal rations. 

Differences in nutritive value between the two types of cottonseed meal, 
despite differences in nitrogen solubility, were not statistically significant. 
Small differences in nitrogen retention favored the cottoseed meal of low 
nitrogen solubility over the one of high nitrogen solubility, and the sesame 
ration over the sesame-soybean oil meal combination. Such anomalous 
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results, considered with reference to those obtained with non-ruminants, 
raise again the question of protein quality differences and the importance 
of adjuncts in protein supplements fed to ruminants. 
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THE GRAZING HABITS OF BEEF CATTLE ON PASTURE 


A. J. SHEPPARD,’ R. E. BLASER AND C, M. KINCAID 
Virginia Agricultural Experiment Station, Blacksburg 


jie report gives information on the grazing behavior of beef animals 
in two experiments as influenced by: (1) forage species and mixtures 
and (2) continuous grazing of one mixture as compared with rotational 
grazing among different forage mixtures. There is only limited information 
available on the grazing behavior of animals as influenced by mixtures 
and management. It is quite possible that data on the grazing behavior of 
animals may help interpret animal responses in pasture and forage crop 
experiments. 

It has been reported that the grazing habits of beef cattle are influenced 
by supplemental feeds, rotational grazing, amount of forage herbage 
available, succulence of herbage, climate, season, and by darkness. The 
relative importance of these factors is unknown and some of the discrep- 
ancies reported in the literature may be associated with differences in 
environment, plant species, animals, management practices, and experi- 
mental designs and procedures. 

Sheppard (1927), found that steers grazed 8% hours per 24-hour day, 
the main activity occurring during the periods 7:00 to 10:00 a.m. and 
5:00 to 10:00 p.m. on sweet clover pasture. The grazing pattern was similar 
for sudan grass. Cory (1927), reported a three-year study of cattle under 
range conditions in Texas in which 461 minutes daily (i.e., from getting 
up in the morning to bedding down at night) were spent grazing. Giobel 
and Lindbom (1933-34) found that the intensity of grazing at night is as 
great as during the day. Hodgson (1933) reported that cows grazed 28 
minutes less for rotational as compared with continuous grazing, but 
cows grazed more frequently when grazing rotationally. Hein (1935) 
observed that approximately 834 hours were spent grazing pastures with 
abundant herbage, as compared to 10 hours per day for pastures with less 
herbage. Kennedy (1941) reported that about 8 hours of the day is spent 
grazing, the time being equally divided between night and day. Johnstone- 
Wallace and Kennedy (1944) observed that cows spent from 7 to 8 hours 
grazing regardless of the herbage length and that approximately 60% of 
the grazing was performed during the daytime. 


General Procedure 


Two grazing experiments, with replicated treatments, were conducted to 
measure the yield and nutritional value of herbage. One of these experi- 


1 Present address: Division of Animal Nutrition, Department of Animal Science, University of 
Illinois, Urbana. 
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ments was designed to measure the grazing value of mixtures and species 
and the other one to compare continuous grazing of one mixture with 
rotational grazing of a sequence of grazing crops. 

Data reported here were obtained by observing the cattle grazing be- 
havior on the forementioned experiments. Observations were taken on days 
selected from a three-month period (June, July, and August) at the follow- 
ing hours: a.m. 2:00, 4:00, 4:30. 5:00, 5:30, 6:00, 7:00, 7:30, 8:00, 8:30, 
9:00, 10:00 and 11:00; p.m. 1:00, 2:00, 3:00, 4:00, 4:30, 5:00, 5:30, 
6:30, 7:00, 7:30, 8:00, 8:30, 9:00 and 10:00. On the assumption that 
animals are bedded down from 10 p.m. to 2 a.m., no observations were 
made between these hours. During the periods of greatest animal activity 
observations were made at half-hour intervals so that when grazing stopped, 
the break in grazing would be more accurately recorded. The data for 
each day were summarized for eleven 2-hour periods to simplify calcula- 
tions. These time zones were based upon the assumption that the data, not 
having been taken continuously, would not be sensitive enough to warrant 
calculating on the basis of each individual observation. The figures used 
in the calculations were the percentage of all animals grazing at any given 
observation period. 

The calculations are based upon the assumption that the behavior at 
the time of observation is representative of the interval of time between 
observations; hence the values reported are apparent grazing times. The 
technique employed in this investigation is subject to criticism, since the 
cattle obviously did not always behave the same throughout a time interval 
as they did at the start of the time interval during the observations. A sta- 
tistical analysis was made of all data. 


Experiment 1 


Procedure. Animal behavior data were recorded for beef steers for 15 
days during June, July and August, 1953. Observation days were taken 
one day the first week followed by two consecutive days the second week, 
etc. This scheme was followed to observe the day-to-day and week-to-week 
variations. A statistical analysis was made of the data, using a split-split 
plot design with mixtures split by days and days split by time of day as 
shown in table 1. 

The 24 acres of land used for this experiment had been divided equally 
into 12 lots of two acres each in such a manner as to give the least possible 
soil variation between the six lots within each of the two replicated blocks. 
The six treatments (see table 2) were assigned at random within each 
replication. Each lot was subdivided into three sublots and grazed rota- 
tionally. Water was equally available in all lots, but shade was not. The 
number of yearling and two-year-old beef animals per lot varied from 1 
to 5 depending upon availability of herbage. Details of the procedure and 
animal performance have been published by Blaser et al. (1956). 
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TABLE 1. ANALYSIS OF VARIANCE FOR EXPERIMENT 1 











Source D/F MS F 

Replications 1 3 

Mixtures 5 1802 4.81 
Errora 5 375 

Days 14 1653 ss 7 Ae 
Days X mixtures 70 497 0.95 
Error b 84 522 

Time 10 96942 192:35°" 
Time X mixtures 50 650 1.29 
Time X days 140 1656 328°" 
Time X days and mixtures 700 507 1.01 
Error c 900 504 


Total 1979 


1% level of significance. 





Results and Discussion. When all observations were averaged, the 
grazing time for the six mixtures did not differ significantly (tables 1 
and 2). The grazing time ranged from 6.7 hours for orchardgrass-redtop- 
Korean lespedeza to 7.9 hours for orchardgrass-ladino clover. These data 
are of especial interest since Skrdla et al. (1952) reported that fescue was 
decidedly less palatable than orchardgrass whether grown alone or with 
clover. However, even with these palatability differences the cattle grazed 
about the same length of time on both grasses, alone or in a mixture. 

During the 15 days observation, the time spent grazing per day ranged 
from 25 to 37%. The differences among days could not be associated with 
maximum or minimum daily temperatures. The intensity of grazing was 
often contrary to an expected decrease of grazing during hot days. 

The variance between consecutive days was 731.99 as compared with 
2164.52 for non-consecutive days. The data suggest that beef cattle are 
not creatures of habit in the sense that they graze exactly the same amount 
from day to day. The greater similarity among consecutive days indicates 
that climatic or light factors influence grazing habits. It is also probable 
that pastures and other biotic factors are more nearly alike on consecutive 
than on non-consecutive days. 


TABLE 2. ESTIMATED GRAZING TIMES RELATING ALL DAYS 
WITH SIX TREATMENTS 











Mixtures Percent grazing Hours per day 
Bluegrass-Virginia white clover 29.2 7.0 
Orchardgrass Ja0 Vat 
Kentucky 31 fescue 32-6 7.8 
Orchardgrass-ladino clover 33.0 7.9 
Kentucky 31 fescue-ladino clover 28.4 6.8 
Orchardgrass-redtop-Korean lespedeza vs 6.7 
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Although the interactions of days by mixtures were not significant 
(table 1), there was much variation in grazing behavior during different 
days. It is possible that the amount of herbage available and its palatability 
both contribute to the amount of time spent grazing. 

The time of grazing fell into two major periods and one minor period 
during the day (figure 1). The major grazing periods were in the morning 
and evening, with the minor period occurring during mid-day. The evening 
was the period of greatest grazing activity. About 48% of the animals 
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Figure 1. Grazing behavior of steers within a day based on average data for 
all steers and mixtures. 


grazed during 4:00 to 8:00 a.m. During the mid-day the grazing intensity 
was low (ranging from 16 to 27% for the different mixtures) ; but by 6:00 
p.m., an average of 71% of the steers were grazing. By 8:00 p.m., or about 
dark, the steers were bedding down for the night. The amount of grazing 
for a given time varied among days; hence, the highly significant day and 
time interaction. 

The steers did not follow a precise pattern when turned into rested or 
fresh sub-lots. Steers, grazing on an orchardgrass-ladino mixture on June 
22, were turned into a fresh sub-lot of the same mixture on June 23. After 
the steers were given a fresh pasture, the grazing incidence was low when 
compared to the previous day. This low grazing incidence may be asso- 
ciated with a quick fill due to high herbage palatability and availability. 
The opposite behavior was observed on orchardgrass pastures during July 
20 and 21. When the steers grazed a rested pasture on July 21, they grazed 
heavily and shifted their afternoon period of grazing to nearer noon than 
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the day before. Such inconsistencies contribute to the significance of time 
and of the interaction of time and days. 


Experiment 2 


Procedure. This experiment was established to compare animal per- 
formance and returns per acre of land under two systems of grazing: 
a) continuous grazing of one mixture, and b) rotational grazing among 
different mixtures. An area of 24 acres of land was divided into four repli- 
cated blocks of 6 acres each. The six acre blocks had been divided into 
two three-acre treatments; one block was seeded to one mixture and grazed 


TABLE 3. ANALYSIS OF VARIANCE FOR EXPERIMENT 2 











Source D/F MS F 
Replications 3 571 1.54 
Management 1 96 0.26 
Errora 3 370 
Days 4 1963 6:97"* 
Days X management 4 55 0.20 
Error b 24 282 
Time 10 19596 47.08** 
Time X management 10 577 1.39 
Time days 40 1452 349°" 
Time days X management 40 460 je | 
Error c 300 416 
Total 439 





** Significant at 1% level. 


continuously, the other three acres were divided into five 0.6-acre lots for 
rotational grazing. The pastures grazed continuously had been seeded to 
an orchardgrass-bluegrass-white clover-ladino clover-red clover mixture. 
The preceding mixture plus four additional mixtures were assigned at 
random to the five 0.6-acre lots. The additional four mixtures were: 
a) orchardgrass-lespedeza, b) orchardgrass-ladino clover-red clover, c) 
alfalfa-orchardgrass-ladino clover, and d) alfalfa-orchardgrass. The pastures 
were stocked with yearling and two-year-old steers; some dry cows were 
used during the spring flush growth period. Data were taken for five non- 
consecutive days during each of the months June, July, and August, 1953. 
The days when data were obtained were not for the same dates as for the 
previous experiment. A statistical analysis was made of the data using a 
split-split plot design (table 3). 

Results and Discussion. The grazing time for continuous and rotational 
managements was similar (table 3), being 6.7 and 6.5 hours, respectively. 
The time spent grazing per day tended to increase as the summer pro- 
gressed. The difference between days could not be associated with tem- 
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perature, as the maximum daily temperature for the five test days was 
fairly constant, whereas the amount of time spent grazing varied from 23 
to 34% of the total time observed. A similar situation existed between 
minimum daily temperature and the grazing behavior. It may be that 
the lower grazing time during the early season, when compared with the 
late season, may be associated with the more palatable herbage during 
June and early July. During August there was a drought period; hence 
the herbage may have been consumed slowly even though there was not a 
shortage of herbage. 

The amount of grazing at the various observation times during the day 
differed (table 3). The greatest grazing activity occurred during the major 
periods from 4:00 to 8:00 a.m. and from 4:00 to 8:00 p.m. The evening 
peak was the largest, with 71% of the animals grazing as compared to 
55% for the morning period. The cattle tended to rest during mid-day 
and te bed down shortly after dark. 

There was very little difference in the grazing pattern at the various 
times of day between the two systems of management. The amount of 
grazing for a given time varied for different days; hence the interaction 
of time and day was highly significant (table 3). Among the various days 
the grazing ranged from 22 to 46% during the 4:00 to 6:00 a.m. period, 
and from 19 to 85% during the 6:00 to 8:00 p.m. period. The time by 
day interaction is not explainable, but it may be attributed to differential 
responses of the animals to pasture conditions and climatic conditions. 


Summary and Conclusions 


Grazing behavior data for beef animals were obtained for two experi- 
ments. In Experiment 1 data are given on the apparent grazing time as 
influenced by mixtures and species, in Experiment 2, grazing behavior is 
compared for rotational grazing among different mixtures with continuous 
grazing of one mixture. 

From the data obtained, the following conclusions seem justified: 

1. The time spent grazing on six pasture mixtures did not differ signifi- 
cantly when grazed by beef cattle during 15 days in a 3-month period. 

2. The total time spent grazing per day differed significantly from day 
to day with less variation between consecutive days than among separated 
days. 

3. Maximum and minimum daily temperatures did not seem to influence 
the grazing behavior of beef cattle. 

4. Beef cattle exhibited daily patterns of high grazing activity at approxi- 
mately 4:00 to 8:00 a.m., and at 4:00 to 8:00 p.m., with medium grazing 
at 10:00 to 12:00 a.m. 

5. When considering an average for all pasture mixtures during all days, 
beef cattle grazed more from 4:00 to 8:00 p.m. than at any other time 
during the day. 
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6. The amount of time spent on grazing and the daily pattern of grazing 
was similar for rotational and continuous grazing. 
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CAUTIONS REGARDING THE USE OF ANTHRAQUINONE 
VIOLET AS AN INDICATOR IN DIGESTION 
AND ABSORPTION STUDIES 


W. P. Fratt,! D. J. Horvatu, L. C. DeCosta,? Daryt G. STEWART 
AND R. G. WARNER 


Department of Animal Husbandry, Cornell University, Ithaca, N. Y. 


HE use of crystalline anthraquinone violet dye (AQV) as an indicator 
in digestion studies with lambs was reported by Corbin and Forbes 
(1951), who obtained 100.5+2.8% recovery of the dye. However Forbes 
(1952) cites Horn who found an apparent recovery of only 85% of this 
dye when it was added to a mixed roughage and concentrate ration hand- 
fed to steers. 
The present experiments were conducted to determine the suitability 
of AQV as a reference material for absorption and digestion studies with 
calves and swine. 


Experimental 


Calves. Three reticulo-rumen absorption studies were performed with 
laparotomized Holstein calves using an aqueous suspension of anthra- 
quinone violet dye.* The dye suspension was prepared by dissolving the 
crystalline dye in acetone and adding it dropwise to hot distilled water 
(80-90° C.). The acetone evaporated, leaving the anthraquinone violet 
dye in aqueous suspension. The material prepared in this manner did not 
precipitate to any noticeable extent for three weeks or longer and with 
slight agitation the mixture went back into suspension even after five 
months. 

The rumens of the calves were isolated from the remainder of the gastro- 
intestinal tract by means of ligatures. The operative techniques were essen- 
tially the same as those outlined by Barcroft et al. (1944), with the pre- 
cautions described by Aggazzotti (1910) being taken to prevent the ob- 
struction of blood vessels supplying the rumen. After the rumen had been 
isolated by ligatures, the contents removed, and the rumen washed tho- 
roughly with warm tap water, 2000 ml. of the test solution containing 
anthraquinone violet dye in equeous suspension were added. The quantity 
remaining after 60 minutes was removed, measured, and sampled for 
analysis. In the first laparotomy, the animal had been fistulated and the 
solution was poured into the rumen through the fistula. In the last two, 
incisions were made in the rumen during the operation and the openings 


1 Present address: Dairy Husbandry Research Branch, U.S.D.A., A.R.S., Beltsville, Md. 
2 Present address: South Carolina State College, Orangeburg, S. C. : 
8 Dupont D-29011, color index 1080, 1,4-di-p. toluidinoanthraquinone. 
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were closed by adding a cannula or by clamping the rumen tissue tightly 
to prevent leakage. One liter of distilled water was used to wash the rumen 
after removing the original solution. Samples of the wash water were 
retained for analysis. 

Swine. Crystalline AQV was incorporated into the diets of two groups 
of individually-fed growing-fattening pigs at a level of 0.025%. Group I 
consisted of four Yorkshire barrows weighing approximately 80 lb. at the 
beginning of the feeding period. They were consuming 4 diets consisting 
of a corn-soy basal which was modified at the expense of corn, to contain 
10% added fat, (as “brown grease’) fiber (as alfalfa) and protein (as 
meat scraps) respectively. The animals were slaughtered after approxi- 
mately 90 days of feeding. 

Group II consisted of 8 pigs of the Yorkshire and Chester White breeds 
weighing approximately 50 Ib. at the start of the feeding period. They 
received a basal diet consisting of corn, soybean oil meal and ground 
alfalfa hay modified to contain 0%, 3% or 10% added fat as “brown 
grease’’. In addition, 0.5% of Cr2Os was included in the feed in order that 
digestibility determinations could be compared using both AQV and CrsO3 
as reference indicators fed under identical conditions. After approximately 
10 days on feed, fecal samples were taken from each pig. The feces were 
dried and subsequently analyzed for dry matter, AQV and Cr2Qs. 

After about 90 days on feed live-probes revealed a purple coloration of 
the back fat of the Group II pigs. They were then subjected to three 
alternate periods of either fattening or reducing for the next seven months 
on rations devoid of AQV and added fat in an effort to eliminate the dye 
from the body fat. Body weights of the pigs ranged from 200 to 300 Ib. 
during this period. They were then slaughtered. The AQV concentration 
was determined on the ether extracts of various tissues of one animal in 
the group. 

Methods of Analysis. Samples of aqueous suspension were extracted with 
benzene and analyzed for the dye spectrophotometrically with a Beckman 
model B or DU spectrophotometer. For complete extraction of the aqueous 
suspension it was necessary to add an equal portion of 95% ethanol to the 
sample prior to extraction with benzene. Readings were made at 578 mxz., 
using a blank of benzene which had been subjected to the same extraction 
procedure as the sample. Spectrophotometric characterization of the ab- 
sorption curve (in the visible spectrum) indicated that the treatment used 
to make the suspension of the dye did not change its spectrophotometric 
character. The peak is from 545 my. to 560 my., but all readings were 
made at 578 my. because Corbin and Forbes (1951) found that foreign 
materials present in feed and feces had the least interference at this point. 

Swine feed and feces were analyzed for Cr2O3 using the methods of 
Christian and Coup (1954), while crystalline AQV was determined using 
the method of Corbin and Forbes (1951). 
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TABLE 1. CONCENTRATION OF ANTHRAQUINONE VIOLET DYE OF 
SEVERAL TISSUES OF A PIG RECEIVING THE DYE IN ITS FEED 











Concentration 





Tissue 
(mg./gm. ether extract) 
Mesenteric fat 0.41 
Perirectal fat 0.32 
Perirenal fat 0.19 
Back fat 0.17 
Belly fat 0.12 
Blood 2 mg./100 ml. 








Results and Discussion 


Calves. In the first experiment, the total amount of antharquinone violet 
dye introduced into the isolated rumen was 27.1 mg. and the recovery 
after one hour was 17.7 mg. In the second study 13.2 mg. were added and 
9.8 mg. were recovered. A total of 13.5 mg. were added to the rumen of 
the third calf and 10.5 mg. were recovered after one hour. The average 
recovery of AQV after one hour was 72.4% +6.4%. The rate of disap- 
pearance of the dye was even greater than the absorption rates of acetic, 
propionic and butyric acids, which were included in the test solution. The 
variable rate of absorption renders this dye unacceptable as a reference 
indicator for the type of studies described above. 

Swine. Upon slaughter, intense violet coloration was noted in all fatty 
tissues of all pigs in both groups and the carcasses were condemned by a 
meat inspector. Even seven months of alternate weight gain and weight 
loss on an AQV-free diet had not cleared the tissues of visibile color. 

The concentration of the dye in the tissues and extent of coloration can 
be observed from the data reported in table 1. Dry matter digestibility 
coefficients of six of the individual pigs as determined using either Cr2O; 
or AQV as an indicator are reported in table 2. The absorption of AQV 


TABLE 2. DRY MATTER DIGESTIBILITY COEFFICIENTS OF RATIONS 
CONTAINING TWO INDICATORS, FED TO PIGS 








Digestible dry matter using 
Level of added 








Pig no. dietary fat Cr.0s AQV 

%o Jo Je 
1 0 81 78 
2 0 79 77 
3 3 83 75 
4 3 83 76 
5 10 82 75 
6 10 83 75 
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was of sufficient magnitude to lower the digestion coefficients markedly. 
Increasing the level of added dietary fat from 0 to 10% tended to increase 
the extent of AQV absorption and to reduce its effectiveness as an indicator. 

In preliminary studies with minks and rabbits less than 70% of the dye 
was recovered in the feces when AQV in aqueous suspension was included 
in the feeds. 

The possibility of using such a material as AQV for the direct estimation 
of body fat using biopsy back fat samples is suggested by these observa- 
tions and is being studied on a pilot basis (Horvath et al., 1957). A 
method which will be described in a later publication has been developed 
for the quantitative intravenous introduction of the dye into the animals. 


Summary 


In two experiments it was demonstrated that sufficient anthraquinone 
violet dye was absorbed by the animal to limit its usefulness as a reference 
indicator. Aqueous suspensions of the dye were absorbed through the wall 
of the ligated reticulo-rumen of laparotomized calves. When the dye was 
incorporated into seven’ different rations for swine, the carcasses were 
intensely colored and subsequently condemned. The color persisted in the 
body fat for as long as 7 months after the AQV had been removed from 
the feed. Digestibility data based on AQV were markedly lower than co- 
efficients obtained simultaneously using CroO; as a reference indicator. 
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BOVINE RE-ENTRANT DUODENAL FISTULA STUDIES. 
1. ESTABLISHMENT OF RE-ENTRANT 
DUODENAL FISTULA? 


H. G. ConnER,? A. DARE MCGILLIARD *: * AND C. F. HUFFMAN #4 
Michigan State University of East Lansing 


HE functional and digestive activities of the bovine alimentary tract, 

particularly the rumen, have been extensively studied during the past 
decade. Much of this research has been greatly facilitated by the use of 
the rumen fistula. Because certain limitations and disadvantages exist in 
present rumenal techniques the evolution of new techniques or the im- 
provement of existing techniques as a means of gaining insight into di- 
gestive tract problems is important. The development of methods (a) for 
quantitatively sampling a continuously moving system without perceptibly 
upsetting normal physiologic relationships, (b) for sampling ingesta so 
that the exact source and identification of the sample is known and (c) 
for obtaining more information with regard to the digestive processes in 
other parts of the alimentary tract requires further attention. 

Young (1951) describes a technique for establishing a simple duodenal 
fistula in a 700 Ib. steer in which the eleventh rib is resected and the 
periosteum is used for subsequent osseous deposition thus strengthening 
the fistula area. McDonald (1953) modified Young’s technique and suc- 
cessfully established duodenal fistulas in sheep. The operation is illustra- 
tively presented by Dougherty (1955). 

Dougherty and Cello (1949), in studying absorptive processes in the 
digestive tract of sheep, employed an abomasal-duodenal-shunt fistula 
which was patterned, for the most part, after the technique described by 
Markowitz (Crocker-Markowitz fistula) (1954). Similar preparations 
for measuring the passage and composition of digesta from the abomasum 
of sheep were used by Phillipson (1952) and Masson and Phillipson 
(1952). 

Available literature does not describe an abomasal-duodenal-shunt 
fistula or a duodenal-shunt fistula in the bovine. In order to combine the 
advantages of the various methods which have been employed for collecting 
ingesta from the bovine and at the same time to eliminate as many of their 
disadvantages as possible, a re-entrant duodenal fistula has been established. 


1 Published with the approval of the Director of the Michigan Agricultural Experiment Station as 
Journal Article No. 2041. 

2 Department of Surgery and Medicine. 

8 This article is part of a dissertation presented to the faculty of the School for Advanced Graduate 
Studies of Michigan State University in partial fulfillment of requirements for the degree of Doctor 
of Philosophy. . 

4 Dairy Department. 
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Experimental 


U-tube. Plexiglass tubing [% in. inside diameter (I. D.), 9/16 in. 
outside diameter (O. D.)] was used in making the connecting U-tube. 
The procedure for bending the tubing consisted of (a) passing a short 
length of one-half inch woven clothesline rope through the center of the 
tubing to prevent collapse of the walls during the heating and bending 
process, (b) heating the tubing under infra-red heat lamps until rubbery 
in consistency and (c) bending the tubing on a previously constructed 
U-shaped form of the desired dimensions before allowing it to cool. Flexi- 
ble plastic couplings (% in. I. D., 9/16 in. O. D. “Tygon” tubing °) 
were attached, following removal of the rope, by sliding a short section 
of the flexible tubing onto each arm of the U-tube and by wrapping each 
union tightly with 40 lb. test nylon fishline. 

Cannulae. Each cannula was constructed from surgical, stainless steel 
tubing. The stem (2 and 3% in. long, 3% in. I. D., % O. D.) was threaded 
with standard machine threads (20 threads per inch) to within one inch 
of the flange. Approximately one-third of a 2% inch section of tubing 
(% in. I. D., 3%4 in. O. D.) was milled off to make the U-shaped flange. 
The resulting edges were spread, rounded and polished. A one-half inch 
hole was drilled medially to receive the stem. The flange and stem were 
subsequently silver-soldered to form the T-shaped cannula illustrated 
in figure 1. 

The external collar, which was made from ™% inch plexiglass, was 
2 and 5% inches in diameter. It was drilled and tapped to fit the stem and 
knurled to facilitate manipulation. 

Surgery. Operative technique was in part patterned after the method 
described by Crocker and Markowitz (1954) for the establishment of an 
intestinal fistula in the dog. The fistula was placed five inches from the 
pylorus, orad to the sites where the bile and pancreatic ducts enter the 
duodenum (figure 2). All of the ingesta leaving the abomasum flowed to 
the upper segment of the duodenum through an exteriorized plastic U-tube 
which could be conveniently removed for making collections (figure 3). 

The subject for the re-entrant fistula was a Holstein steer weighing 
approximately 500 lb. The operation was performed with the patient in 
lateral recumbency under the influence of Surital Sodium ® anesthesia. 
Each gram of Surital Sodium was dissolved in 30 ml. of sterile distilled 
water and given intravenously to desired effect. Maintenance injections 
were given as needed. A total of three grams of Surital Sodium was used 
throughout the course of the three and one-half hour operation. 

Externally the fistula was located in the right abdominal wall between 
the eleventh and twelfth ribs at approximately the level of the costochondral 
junction. It was necessary to resect the last rib and remove the lower half 


5 Product of U. S. Stoneware Co., Plastics and Synthetic Division, Akron, Ohio. 
® Parke-Davis Co., Detroit, Michigan. 





CONNER, McCGILLIARD AND HUFFMAN 








3 
8 











me 


Figure 1. Design of cannula and external collar. 
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Figure 2. Relative position of re-entrant fistula in alimentary tract. 
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along with its corresponding costal cartilage in order to make the desired 
portion of duodenum more accessible. Entrance to the abdominal cavity 
was through the incision used in the rib re-section. The two stab incisions 
for the cannulae were made through the abdominal wall about two inches 
cranial to this laparotomy incision. 

The duodenum was transected five inches from the pylorus. Both stumps 
were closed by the Parker-Kerr (1908) method of oversewing a clamp, 
followed by additional interrupted sutures (Lembert). A stainless steel 
cannula was placed into each duodenal stump by way of a three inch 
longitudinal incision made two inches from the blind end. Following inser- 


oo 


Figure 3. External location of re-entrant fistula with U-tube in situ. 


tion of the cannulae, the incised duodenum was closed with interrupted 
Lembert sutures. A purse-string suture was used around the protruding 
tubes to invert the edges of the exposed mucosa. Portions of adjacent 
omentum were then draped over each cannulated stump and sutured in 
place so as to cover suture lines. 

The cannulae were exteriorized by inserting a short, sharp trocar through 
the abdominal wall. This trocar had a bore slightly larger than the bore of 
either cannula with the exception of its base which just fitted into the 
lumen of each cannula. Small skin incisions were used to facilitate passage 
of the trocar and cannulae through the abdominal wall. Each cannula was 
held in place externally by a plexiglass collar. Daily adjustments of the 
collar were necessary until the local swelling, resulting from the operative 
manipulations, had receded. 

The exposed ends of the cannulae which protruded one and one-half 
inches and which were four inches apart were connected by a U-shaped 
piece of glass tubing of the same bore. Glass to metal union was effected 
by short pieces of rubber tubing. Because of breakage and difficulty in 
getting the rubber couplings to stay on, the glass tube was later replaced 
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by a clear plexigless tube with flexible plastic couplings. These couplings 
were slipped over the ends of the cannulae and secured there by radiator 
hose-type clamps. 

Flow of ingesta through the exteriorized tube became evident soon after 
the steer recovered from the general anesthetic. Although the re-entrant 
duodenal fistula and cannulae as described have been highly satisfactory, 
it is believed that increasing the diameter of the cannulae stems (% in. 
I. D., 3% in. O. D.) would eliminate the occasional blockage of the can- 
nulae which was experienced, especially if whole corn was present in the 
ration. 

Post-operative care consisted of an immediate intravenous injection of 
one liter of 5% dextrose in physiological saline. This injection was repeated 
in four hours. Daily intramuscular injections of penicillin and dihydrostep- 
tomycin were given for five days. 

The steer (fistula established June 4, 1955) has remained in excellent 
health and has made a weight gain of over 250 Ib. (figure 4). 





Figure 4. Experimental animal photographed approximately one year after 
establishment of the fistula. 
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ESTROGENIC ACTIVITY IN THE URINE OF THE NON-PREG- 
NANT, PREGNANT AND OVARIECTOMIZED BOVINE ?:* 


J. Gorski, R. E. ErsB AND D. C. BRINKMAN 
Departments of Dairy Science and Veterinary Physiology and Pharmacology 


IBLER and Turner (1929) and Turner et al. (1930) have reported 

relatively high biological estrogenic activity in urine from pregnant 
cows. Smith e¢ al. (1956) have shown that fluorescence-producing com- 
pounds increased from early to late stages of gestation. They also showed 
that this chemical estimate for phenolic steroids was approximately four 
times that shown by bioassay for estrogenic activity on the same aliquots 
of urine. Turner e¢ al. (1930) reported an average of 57 rat units of estro- 
genic activity per day in the urine of cows preceding conception. Asdell 
et al. (1945), using a bioassay sensitive to 18 rat units, was unable to 
find estrogenic activity in the urine of heifers in estrus. 

Since Smith (1954) and Gorski (1956) have previously observed varia- 
ble quantities of fluorescence-producing compounds in non-pregnant cow 
urine, it was the purpose of this experiment to estimate the presence of 
biologically active estrogens in the urine of non-pregnant cows. 


Experimental Procedure 


Twenty-four hour samples of urine were collected, using the apparatus 
described by Gorski et al. (1957). The sources of the urine samples are 
listed in table 1. Aliquots of the urine samples were acid hydrolyzed and 
extracted with ether. The acidic elements were removed by methods 
adopted from Brown (1955). The neutral steroids were then separated 
according to the method of Friedgood (1948) from the phenolic estrogen- 
containing fraction (phenolic steroids). 

Preliminary work showed that further purification was necessary to 
remove certain toxic elements. The steam distillation procedure developed 
by Bassett et al. (1955) to remove p-creosol from sheep urine was success- 
fully used to detoxify the phenolic fraction of the urine extracts. The par- 
tially purified extracts were transferred to peanut oil. 

The six-hour uterine weight assay of Astwood (1938) was used. In 
Experiments 1 and 2 (table 1) a four-point design with five rats per 
group was used. For Experiments 3 through 8 (table 1) a six-point design 
with five rats per group was used. The uterine weights were adjusted by 
covariance to a uniform body weight basis and the estimates of potency 
and significance were made as outlined by Bliss (1952). 

1 Scientific Paper No. 1580, Washington Agricultural Experiment Station, Pullman. Project 1053. 


2 This investigation was supported in part by funds for biological and medical research by the State 
of Washington, Initiative Measure No. 171 (Biol. & Med. 78). 
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Immature weanling Sprague-Dawley rats 20 to 21 days of age were used. 
Unknown extracts and estrone (obtained from Nutritional Biochemical 
Corp., Cleveland, Ohio) were each placed in 0.5 ml. of peanut oil and 
given in a single injection intraperitoneally in the groin region. Six hours 
later the rats where chloroformed. Immediately, body weights were taken 
and the excised uteri were blotted dry on filter paper and weighed. 


Results 


Table 1 shows the reproductive status of cows from which urine was ob- 
tained and the results of bioassay. Statistical analyses for the six point 
assays (Experiments 3-8) are shown in table 2. 

Results for Experiment 1 were negative as shown from the lowered 
uterine weight response between U, and Us. This negative result may have 
been due to inhibitory factors which were reduced in urine extracts in all 


TABLE 1. BIOASSAYS OF URINE FROM CATTLE USING RAT UTERINE 
WEIGHT METHOD OF ASSAY 

















Unknown Standard 
Average weights Average weight 
Urine - - — Standard —— 
Cow equivalent of Adjusted sample of Adjusted 
Expt. no. Reproductive status of unknown rats uterine of estrone rats uterine 
ml. gm. mg. mcg. gm. mg. 
1 440 Heifer non pregnant and 2 Ue 8.3 30:5 19.4 m8 30.0 30.1 
days before estrus Us 1.0 30.1 35.7 Ss: .3 30.0 25.5 
Ss .1 $4.2 23.1 
St .05 30.4 17.7 
Ss .005 26.7 «639.5 
4 440 Heifer non-pregnant and Ur 6§ 56.2 312 Si .5 38.5- 24:5 
1 day after estrus Us 1 34.0 18.5 Se .1 33.1 20.9 
3 2175 Composite sample through- Us: 44.7 33.8. - 21.6 st 39 30:9 23.7 
2166 out estrous cycles of non- Us 13.9 se-0 29.0 S: .3 35.9 20.2 
pregnant cows—3 previous Us 6 39:35 17.3 Ss .1 34.1 16.4 
calvings 
4 2167 3 previous calvings, non- U1 55.6 37.3 25.6 St ..9 37.8 25.7 
pregnant 35 days after last Uz 18.5 35.4 19.9 Se .3 39.4 20.1 
estrus and 8 days before Us 6.2 36.8 18.6 Ss .1 38.2 18.5 
next estrus 
5 2168 3 previous calvings, non- Us: 53.6 S729 21.8 9 $5.3 27.0 
pregnant and 33 days after Ue 18.5 31.4 20.8 Se .3 34.3 23.5 
last estrus and 8 days Us. 6.2 50.3. 37.7 Se ..2 34.9. 17.2 
before next estrus 
6 387 3 previous calvings, non- U1 55.6 $1.5 25.9 mi 9 33.4 28.9 
pregnant and in estrus Us 18.5 S04 8320 Se .3 33.8 25.4 
Us 6.2 33.4 18.4 Ss .1 35.6 20.1 
7 2167 2 previous calvings, com- U1 13.9 35.1 26.8 Si .9 34.5 24.1 
2168 posite of 24 hr. urine Uz 4.6 38.0 24.8 S: .3 32.5 19.0 
samples 5th through 9th Tee onkad 3a5%: 26.7 tae | 33.7 16.6 
months of pregnancy 
8 2145 Ovariectomized and sample U1 93.8 36.8 22.4 Si .9 36.5 27.9 
composited from six 24- Uz 31.3 34.4 19.6 Se .3 $5.3 22.9 
hour collections Ua 10.4 35.2 20.4 Ss .1 36.7 19.6 
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subsequent trials by steam distillation using the method of Bassett e¢ al. 
(1955). It will be noted that standard estrone in graded dosages of 0.1, 
0.3, and 0.5 mcg. gave increasing uterine weight response over the 0.05, 
0.005 mcg. levels. 

Experiment 2 indicated a biological response for U; vs. Uz where U, 
contained 5 ml. and Uz 1 ml. of urine equivalent. The responses between 
standard and unknown were parallel and the ratios of response were 
similar. 


TABLE 2. ANALYSIS OF VARIANCE—EXPERIMENTS 3-8 








Mean squares 





Type of Degrees 
variation of freedom Expt. 3 Expt. 4 Expt. 5 Expt. 6 Expt. 8 





Difference 
between 
preparations : .003 46.9** 


Combined 
slope of 
responses 


Departure 
from 
parallelism 


Departure 
from 
linearity 


Error 


Estimated 
potencies in 
micrograms of 
estrone per liter 


Estimated 
potencies in 
micrograms 
per 24 hours 173 162 





** Significant at 1% level. * Significant at 5% level. 


Experiments 3—6 involved six-point assays of non-pregnant cows’ urine. 
All showed highly significant estrogenic responses (table 2). Experiment 
5 differed from the known in the response range and in the slope of response. 
This extract appeared te be of very low activity (7 mcg. per liter) and was 
from a non-pregnant cow that had missed an estrous period and had a 
large corpus luteum on the ovary. Experiments 3, 4 and 6 were statistically 
satisfactory. The standard errors for assayed potency were, respectively 
15, 10, and 4%. 

Experiment 7 utilizing pooled urine extracts from two pregnant cows 
showed the biological response of the urine extract to be well above the 
standard range at the lowest concentration of unknown thus making it 
impossible to reliably estimate potency. However, comparing the potency 
estimated from Experiment 7 to Experiments 4 and 5 it appears that 
these cows were producing at least ten times more biologically ‘active 





URINARY ESTROGENS OF BOVINE 701 


estrogen per liter of urine in the last four months of gestation as compared 
with after calving. 

Pooled extracts from six 250-ml. aliquots of 24-hour urine samples from 
an ovariectomized cow (Experiment 8) showed a significant but small 
estrogenic response even though quantities of urine equivalent injected 
were essentially twice the amounts used from the non-pregnant cows. 
This Experiment was similar to Experiment 5 in that both urine extracts 
were very low in estrogenic activity and both showed significant departure 
from parallelism. Therefore, the estimated potencies shown in table 2 
should be interpreted conservatively. 


Discussion 


Results of assays 3, 4, 5, and 6 indicate that estrogenic steroids are 
present in the urine from non-pregnant cows. The estimated potencies, 
although only of relative value, point out the low estrogenic activity in 
these urines. 

Potencies of 73 to 173 mcg. per day of estrone equivalents were esti- 
mated. These potencies appear to be higher than the average of 57 rat 
units (using 1.35 mcg. estrone=1 rat unit as described by Levin, 1945) 
per day reported by Turner et al. (1930). The latter values were on un- 
hydrolyzed urine extracts and thus would not account for estrogens ex- 
creted as conjugates. Whether bovine urinary estrogens are excreted in a 
conjugated form is presently unproven. 

The recent report by Klyne (1956) that estrone and estradiol-17 « are 
the chief estrogenic steroids in pregnant cows’ urine may also partly explain 
differences between the biological estimations and the much higher esti- 
mates by fluorometric assay reported by Smith (1954) and Gorski (1956). 
Thayer et al. as cited by Pincus (1948) reported that estradiol-17 « had 
only 3.5 to 70.0% the biological activity of estrone as measured by five 
different modifications of the vaginal cornification assay. Until suitable 
techniques for efficient separation and identification of the various estro- 
genic compounds in cattle fluids and organs are developed it is unlikely 
that chemical and biological assays will yield quantitatively similar results. 

The estimated potency in the urine of the pregnant cow compares closely 
with Smith e¢ al. (1956) who reported values up to 143 mcg. per liter of 
urine. These values are somewhat lower than the averages of 724 rat units 
per day during the sixth month to 2000 rat units per day in the eighth 
month of pregnancy as reported by Turner e¢ al. (1930). 

The results with the urine from the ovariectomized cow indicate that if 
non-ovarian or non-placental estrogens ‘are present in the bovine, they 
show little biological activity when excreted in the urine. Estrogens from 
non-ovarian sources may be present, but if excreted by other pathways, 
or in an inactive form, or altered by methods of extraction, little or no 
biological activity in the urine would be observed. 
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Summary 


Urine samples from cows in various phases of the estrous cycle and 
gestation and from one ovariectomized cow were bioassayed for estrogenic 
activity. Results, using the six-hour uterine weight increase of the rat, indi- 
cated estrogenic activity in the urine from non-pregnant cows. Estrogenic 
activity in pregnant cows was considerably higher. Urine from an ovari- 
ectomized cow showed considerably less estrogenic activity than the urines 
from the non-pregnant cows. 
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THE EFFECT OF LADINO CLOVER, BIRDSFOOT TREFOIL AND 
BLUEGRASS PASTURE ON THE RATE OF CONCEPTION 
AMONG EWES # 


Paut H. EnctE,? D. S. Bett® anv R. R. Davis 4 
Ohio Agricultural Experiment Station, Wooster 


NUMBER of experiments have shown that the kind and amount of 

feed ewes obtain just prior to and during the breeding season may 
affect the ewe’s reproductive performance. On the one hand, the work of 
Marshall and Potts (1924), Clark (1934), Bell (1932), Briggs e¢ al. 
(1942), Wallace (1951), El-Shiekh et al. (1955), and others has led to 
the understanding that “flushing”? ewes under certain conditions increases 
the ovulation and the conception rates and, hence, we know that nutri- 
tive level may condition the fertility level. On the other hand, the work 
of Hunt (1937) and the North Carolina Agricultural Experiment Station 
(1944) associating a reproductive problem with the feeding of soybean 
hay, and the work of Bennetts et al. (1946), and subsequent work on 
this problem which related impaired breeding to the unfavorable estrogenic 
activity of genestein found in subterranean clover introduces the point that 
some component in a feed may impair reproductive function in sheep. 

For a number of years there has been a growing suspicion based on 
circumstantial evidence that the kind of pasture on which ewes graze prior 
to and during the breeding season affected their conception rate at mating 
time. 

This investigation was initiated to study the influence of grazing 
ladino clover, birdsfoot trefoil and bluegrass pasture on the reproductive 
performance of ewes. 


Materials and Methods 


Ladino clover (Trifollium repens Var. ladino) and birdsfoot trefoil 
(Lotus corniculatis) pastures, each 8 acres in size, were seeded in the 
spring of 1952 and additional plots of each were added in 1954. An ad- 
jacent 40 acre area of bluegrass (Poa pratensis) containing some timothy 
and volunteer white dutch clover, was used as the permanent grass pas- 
ture in the comparison. 


1 Approved for publication by the Associate Director of the Ohio Agricultural Experiment Station 
as Journal Article No. 34—57, from Federal Project, Hatch 34-7. 

2 Data from Ph.D. Thesis work by Paul H. Engle, Assistant Instructor, Department of Animal 
Science. 

8 Professor, Department of Animal Science. 

4 Associate Professor, Department of Agronomy. 

The authors wish also to acknowledge assistance from Dr. C. R. Weaver in Statistical Analysis of 
data, from Dr. O. G. Bentley and Dr. A. L. Moxon for counsel and suggestions in adapting chemical 
procedures in making plant extracts and in bio-assay techniques. 
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The pasture season extended from May 6 to October 28 in 1953, from 
May 7 to November 4 in 1954, and from April 29 to November 14 and 
1955. 

Purebred Columbia ewes bred to Columbia rams were used. Ewe lambs 
produced in one lot were continued as replacements for older ewes removed. 
Except for the first year when 7 older ewes were assigned to each lot to 
get the test under way, only yearling and two year old ewes were used. 

The first two years an all season vs. a short-term-before breeding graz- 
ing program was included in the plan of the experiment. One half of the 
yearling ewes grazed each pasture all summer while the other half grazed 
bluegrass pasture until two weeks before breeding was to begin and then 
were transferred to the test pastures. 

Hand mating, using teaser rams with aprons, to locate ewes in estrus, 
was followed in 1953 and in 1955. Field breeding was used in 1954. When 
hand breeding was employed, only single service at first detection of estrus 
was allowed. Under field breeding, rams wearing a Jourgensen harness 
marked the ewes when bred and new raddle marks were recorded each day. 
Semen samples from all rams used were examined microscopically to guard 
against infertility. The service of a ram was distributed equally among all 
lots. 

The breeding season began August 24, 1953, but was changed to Sep- 
tember 13, 1954, and September 9, 1955, because records indicate that 
only a few ewes of this breed come in estrus before September 10 under 
the environment at Wooster, Ohio. 

Harvested feed was given each fall when weather conditions did not 
permit grazing or the pastures did not supply sufficient feed. In 1954 
drought so reduced growth on the pastures that a short period of dry lot 
feeding was required in mid-August but as soon as rain started new growth 
the sheep were returned to the respective pastures. 

All lots were managed the same during the winter feeding and lamb- 
ing season under the standard system of the Station. The wintering ration 
for the bred ewes consisted of first cutting, mixed legume-grass hay fed 
according to appetite and 0.5 lb. grain (1 part corn, 1 part oats) per head 
per day prior to lambing. The grain was increased at the beginning of 
the lambing season to 1.5 lb. of grain per head per day and 0.2 Ib. of 
linseed oil meal per head per day was fed separately until the ewes and 
lambs were turned to pasture. 

All lots were offered trace mineralized salt free choice during the winter. 
During the summer grazing season they were offered the 9 salt-1 pheno- 
thiazine mixture as an aid to parasite control. In addition the ewes were 
treated with phenothiazine for parasites in April, July, September and 
November. 
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Results and Discussion 
The essential data are presented in tables 1, 2, 3 and 4 and figures 1 and 2. 


TABLE 1. TIME OF FIRST DETECTED ESTRUS (DAYS AFTER AUGUST 31) 








Bluegrass Ladino clover Birdsfoot trefoil 





Mean®# No. Mean No. Mean 





1953 
Aged ewes, fall only : 5. 4 s. (4. 
Yearling ewes, all season ‘ @. .8 (14. 
Yearling ewes, fall only m3. Ss. 
1954 
Two year old ewes, all season 2 20.§ i 30. G3. 
Yearling ewes, al! season 13 ¥ : k 7; 
Yearling ewes, fall only : Ct. 
1955 
Two year old ewes, all season 8 «2. - (6. 
Yearling ewes, all season : : : ; : 


Three years 4.3 : 33. (2.4 





@ Mean and standard error. 


The mean date of first detected estrus during the breeding season was 
significantly later for the ewes grazed on ladino clover than for the ewes 
grazed on bluegrass. The ewes grazed on birdsfoot trefoil did not differ 
significantly from the other two lots but tended to be intermediate. This 
delay in first detected estrus in the ladino clover lot was due to delayed 
onset among the yearling ewes that were grazed all season on the ladino 
clover in the first two trials. Figure 1 exemplifies the differences in first 
estrus by showing the accumulative percentage of ewes detected in estrus 
by date. The median date of first estrus differed only two days between 
the lots with one half the ewes coming in estrus in each lot at approximately 
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DATE OF FIRST ESTRUS 
Figure 1. Date of first detected estrus. Percent of total ewes for three years. 
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Bluegrass Ladino clover Biidsfoot trefoil 











Mean®* No. Mean No. Mean 





1953 
Aged ewes, fall only 5 31.4 (14. 26.8 (13.55 
Yearling ewes, all season 9 46.2 s i.e 4a7. 
Yearling ewes, fall only 7 (2. 
1954 
Two year old ewes, all season 12 5.8 Bi ; (5. 
Yearling ewes, all season 3 de. (4. a Os 
Yearling ewes, fall only 
1955 
Two year old ewes, all season 
Yearling ewes, all season 


Three years 








® Mean and standard error. 


the same time. However, considerable difference was noted between the 
last half of the ewes to come into estrus in each lot. 

The ewes grazed on ladino clover and birdsfoot trefoil conceived sig- 
nificantly later (table 2) by 21.7 and 19.9 days, respectively, than the 
ewes on bluegrass. The ewes on birdsfoot trefoil tended to conceive 
slightly earlier than those on ladino clover but the difference was not sig- 
nificant. Year, age of ewe and length of grazing season differences are 
noted but these were not significant for the small numbers used on this 
test. 

The relatively straight lines (figure 2) for the ewes grazed on ladino 
clover and birdsfoot trefoil indicate a uniform rate of conception through- 
out the three months’ breeding season. The ewes grazed on bluegrass con- 
ceived at a high rate early in the season, consequently tending to group 
the birth of the lambs in the early part of the lambing season while the 
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Figure 2. Date of conception. Percent of total ewes for three years. 
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TABLE 3. AVERAGE NUMBER OF SERVICES PER PREGNANCY 
(BASED ON EWES LAMBING) 








year averaze 





Bluegrass 
Ladino clover 
Birdsfoot trefoil 





lambs from the ewes grazed on the two legumes were strung out over a 
long lambing season. A difference in the promptness of conception is indi- 
cated by the number of ewes on each type of pasture lambing to first 
service; 66%, 41% and 31% of the ewes grazed on bluegrass, ladino clover 
and birdsfoot trefoil, respectively, lambing to first service. The ewes 
grazed on ladino clover averaged 0.6 and the ewes grazed on birdsfoot 
trefoil averaged 0.8 more services per pregnancy than the ewes grazed on 
bluegrass, table 3. 

While the date of conception was latest for the ewes grazed on ladino 
clover they were also later in coming in estrus, resulting in a higher per- 
cent conception at first service and a lower number of services per preg- 
nancy than would have been expected from date of conception alone. 

The lambing percentages, table 4, differed by 6.5% or less between the 
averages for the lots or years. Larger differences up to 24.9% were found 
between lots within a year and 26.1% between years within a lot. 

No consistent differences were found in lamb survival (table 4). How- 
ever, the average was lower in the lot where the ewes had been grazed on 
ladino clover. 

Yearling ewes grazed all season on the legume pastures were 12 to 19% 
heavier at the beginning of the breeding season than similar ewes grazed 
on bluegrass, although the bluegrass appeared to supply ample forage. 


TABLE 4. LAMBING RATE AND SURVIVAL BY KIND OF PASTURE 
AND YEAR 








Treatment 
three year 
Observation Kind of pasture 5 5 55 average 





Lambing Bluegrass p ; : 134 
percentage ® Ladino clover 
Birdsfoot trefoil 
Year average 


Percent Bluegrass 
lambs sur- Ladino clover 
viving to Birdsfoot trefoil 
weaning Year average 


RUSCwe RNA 





a Based on ewes lambing. 
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Since the ewes were all of the same breeding, age and skeletal development, 
the difference in weight apparently was due to fatness. Moderate fatness is 
not generally considered as lowering fertility. 

To evaluate the effect of fall grazing of the ladino clover and birdsfoot 
trefoil pastures on promptness of conception, a group of ewes was changed 
from bluegrass to each of the legume pastures in mid-August. The ewes 
placed on the legume pastures for fall grazing were of a weight and finish 
similar to the ewes grazed all season on bluegrass but their reproductive 
performance was similar to those grazed all season on the legume pastures. 
This suggests that the high condition of the ewes grazed on ladino clover 
or birdsfoot trefoil was probably not a major factor in delaying conception. 
All lots gained weight during the breeding season and as a result of this 
the late breeding ewes were heavier when they did conceive than at first 
mating. Clark (1934) and Briggs et al. (1942) found ewes in high condi- 
tion to be more productive than those in thin condition or thin conditioned 
ewes which were flushed. 

The pastures differed markedly in protein content (NX6.25). The 
samples analyzed gave bluegrass 11.7 to 14.8%; ladino clover, 27.3 to 
29.2% ; and birdsfoot trefoil, 20.3 to 26.2% protein on a dry matter basis. 
The bluegrass should have provided a digestible protein level near the 
allowance recommended by the National Research Council (Pearson et al., 
1949) but the protein in the legumes was much in excess of the recommen- 
dation of 5% digestible protein. Klosterman et al. (1953) and Slen and 
Whiting (1952) studied the effect of protein on reproduction. Their studies 
included crude protein levels from 5 to 13%, with equalized total digesti- 
ble nutrients and they found 10% to be adequate. No attempt was made 
in this study to evaluate critically the influence the higher protein level 
may have had on the rate of conception among the ewes. 

Extracts of the plant materials as bio-assayed by Engle (1953) using 
the Evans (1941) mouse uterine weight technique established that the 
ladino clover and birdsfoot trefoil contained materials with estrogenic 
activity. Estrogenic activity was not found in samples of bluegrass. 
Pieterse and Andrews (1954) also reported detectable amounts of estro- 
genic activity in ladino clover and birdsfoot trefoil. Curnow ef al. (1948) 
related the reproductive failure associated with subterranean clover to 
estrogenic activity of the plant. Underwood (1953) reported that the 
administration of 0.11 mg. stilbestrol daily for six months resulted in 
almost complete infertility and some dystocia. The estrus cycle, as judged 
by the use of raddled rams, was stated to appear normal in ewes grazed 
on subterranean clover and in those injected with stilbestrol. 

The cause and nature of the delayed conception among ewes on ladino 
clover and birdsfoot trefoil pasture observed in this experiment has not 
been determined. The regularity of the estrus cycle of the ewes which 
fail to conceive indicates that the interference takes place prior to im- 
plantation. The temporary nature of the infertility is indicated by the late 
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conception of the ewes in the test lots. The majority of the ewes on the 
legume pastures conceived after the pastures had been subjected to a 
killing frost. Ewes which did not lamb the first year on test did lamb in 
subsequent years. It is also to be noted that a group of yearling ewes 
grazed on birdsfoot trefoil until mid-August and then transferred to blue- 
grass conceived at an intermediate date between the ewes grazed all 
season on bluegrass and those grazed all season on birdsfoot trefoil. 


Summary 


The reproductive performance of purebred Columbia ewes grazed on 
ladino clover, birdsfoot trefoil and bluegrass pasture was studied during 
three grazing, breeding and lambing seasons. 

The ewes grazing all season on bluegrass conceived three weeks earlier, 
on the average, than those grazed all season on ladino clover or birdsfoot 
trefoil pasture. Sixty-six percent of the ewes grazed on bluegrass lambed to 
first service, while only 41% of the ewes grazed on ladino clover and 31% 
of the ewes grazed on birdsfoot trefoil lambed to first service. 

The ewes grazed on bluegrass tended to have an earlier mean date of 
first detected estrus than those grazed on birdsfoot trefoil and significantly 
earlier than those grazed on ladino clover. 

The three year average lambing percentages were 134.4, 137.7 and 
131.2, respectively, for the ewes grazed on bluegrass, ladino clover and 
birdsfoot trefoil. 

Estrogenic activity, as measured by the mouse uterine weight technique, 
was detected in the ladino clover and birdsfoot trefoil but not in the blue- 
grass. 
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FRACTIONS FROM LADINO CLOVER WHICH INHIBIT 
BIOLOGICAL SYSTEMS ! 


R. A. SHAW AND H. D. JAcKson ? 
Purdue University Agricultural Experiment Station 


URRENTLY, many workers believe that bloat in cattle and sheep re- 
sults from any factor which interferes with eructation or which causes 
entrapment of gases in the rumen. Legumes which cause bloat contain sub- 
stances that inhibit both muscle activity and the eructation reflex (Parsons 
et al., 1955; Weiss, 1953). Lindahl et al. (1954) have reported that alfalfa 
saponin induces bloat in sheep and cattle and that yucca saponin does not. 
Evans and Evans (1949) reported hydrogen cyanide from white clover 
as an inhibitor of smooth muscle activity and as a possible cause of bloat. 
Heath and Park (1953) have found, in white clover, a cholinesterase in- 
hibitor which they suggested might be associated with bloat. Ferguson 
(1949, 1950) found that tricin, a flavanoid from alfalfa, inhibited smooth 
muscle motility. Recently, Parsons e¢ al. (1955) reported that legume 
juices and ruminal contents of bloated animals inhibit intestinal motility. 
Theories of the cause of bloat in ruminants have been reviewed by Cole 
et al. (1945, 1956), Clark and Weiss (1952) and Dougherty (1953). 
Thus far, techniques to measure muscle inhibition from legumes have 
included kymographic tracings and gross animal observations. In this 
study sensitive procedures were desired to test small amounts of plant 
constituents. Assays involving measurements of red cell cholinesterase 
(ChE) activity and of the oxygen consumption of rat diaphragm were 
adapted to supplement results obtained from kymographic tracings. By 
these techniques, ladino clover was tested for substances which can be 
inhibitory to muscle systems since such substances could be associated 
with bloat in ruminants. 


Experimental 


Clover Samples. Ladino clover was cut in the pre-bloom stage and chilled 
with ice for transport to the laboratory. The clover was dried at 50—60° C. 
for 24 hours, ground in a Wiley mill, and stored at room temperature for 
later processing. 

Fractionation Procedures. Following preliminary tests for the solubility 
of toxic substances a composite sample of clover, batch I harvested June 
8, 1955, was fractionated. The procedure of Wall e¢ al. (1952) for the 


1 Contribution from the Departments of Biochemistry and Veterinary Science, Purdue University, 
Lafayette, Indiana as Journal Paper No. 1038. 

2 The authors are grateful to Dr. G. O. Mott and R. E. Baum, Agronomy Department, for sup- 
plying the clover. 
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isolation of steroidal sapongenins was modified in order to determine the 
activity of the fractions at various steps in the procedure. When a non- 
aqueous solvent was used for extraction, the filtered extract was converted 
to an aqueous suspension by concentrating in vacuo, adding water, and 
removing the remaining solvent by vacuum distillation. The resulting 
aqueous concentrate was filtered, adjusted to pH 7, made to volume and 
assayed. All fractions were converted to an aqueous system in this manner 
before testing but will be referred to by the original fractionating solvent 
for convenience. 


DRIED GROUND CLOVER 
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Figure 1. Fractionation of ladino clover. 


The authors’ fractionation scheme is summarized in figure 1. In our 
procedure 1400 gm. clover were extracted with 7 1. benzene. The extract 
was converted to a 1400 ml. aqueous suspension and assayed. The clover, 
after air drying, was re-extracted with 7 1. of 50% ethanol and the extract 
concentrated to 1400 ml. as before. To remove steroidal saponin-like sub- 
stances from the 50% ethanol fraction, 5.65gm. ammonium sulfate per 
100 ml. fraction and 10 N sulfuric acid were added to give a favorable 
ionic strength and a pH of 4.0 before butanol fractionation (Wall e¢ al., 
1952). The butanol fraction was converted to an aqueous suspension of 
1400 ml. and assayed. Calcium carbonate was added to the water phase to 
precipitate the sulfate; ammonia and carbon dioxide were removed by 
heating. The aqueous fraction, then free of acid and excess salt, was ad- 
justed to pH 7 and assayed for its biological effects. 
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Ladino clover of batch II was harvested July 11, 1955. Fractionation 
was identical to that used for batch I. The fractions again represented 1 gm. 
clover per ml. when assayed. 


In Vitro Assays 


Oxygen Consumption. An albino rat (150 to 200 gm.) was anesthetized 
with ether; the diaphragm was quickly excised and cut into portions of 
130-170 mg. Each portion of diaphragm was weighed rapidly and placed 
into a Warburg vessel containing 1.0 ml. of concentrated Ringer’s solution, 
which yielded a physiological concentration when diluted with 1.3 ml. of 
the ladino clover fraction. Two tenth ml. of 10% potassium hydroxide was 
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Figure 2. Effect of ladino clover fractions of batch I on 0, consumption of 
rat diaphragm. 


placed in the center well to absorb CO2. Oxygen consumption was meas- 
ured during a 90 minute period by the Warburg direct method (Umbriet 
et al., 1951). Water was used to replace the clover fraction as a control. 

Oxygen uptake per 100 mg. tissue was plotted versus time in minutes 
for all runs as illustrated in figure 2. For convenience, Oo uptake data in 
table 2 were calculated from a graphic plot of this type and are expressed 
as the percent Os» uptake inhibited by the various ladino clover fractions 
at 60 minutes: 


“#1 Oe uptake of control—u1 Oy uptake of sample 





<100=% O» uptake inhibited. 


#1 O» uptake of control 
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Muscular Contraction. Kymographic tracings were used to determine 
the effect of clover preparations on the spontaneous activity of intestinal 
muscle. The small intestine of an anesthetized rat was cut 6 inches below 
the stomach and the next 4 inches of intestine were removed. The intestinal 
section was fastened to the bottom of the bathing chamber and to the 
lever arm. The chamber, which was immersed in a 37° water bath, was 
designed to permit the introduction of a second solution at the botttom 
while the initial solution was flushed out the top. If, after testing one 
fraction, normal muscle activity could be restored by rinsing the muscle 
with Ringer’s solution, several trials were made using the same muscle. 
Air was slowly bubbled through the chamber without disturbing muscle 
activity. Ringer’s solution (90 ml.) plus 10 ml. clover fraction served as 
bathing media for the muscle. Water was used in place of the clover frac- 
tion as a control. 

Cholinesterase (ChE) Activity. Michel’s electrometric method (1949) 
was modified to assay the effects of the ladino clover fractions on red cell 
ChE activity. The activity of this enzyme reflects the animal’s capacity 
for nerve transmission. ChE was obtained by hemolyzing ovine red cells 
with commercial saponin which, by our tests, did not affect the spontaneous 
activity of intestinal muscle, oxygen consumption oi diaphragm, or ChE 
activity of red cells. One ml of commercial saponin solution (0.01%) and 
two ml. of clover fraction were added to a mixture of one ml. of washed 
red cells and one ml. of saline solution. For the control, two ml. of dis- 
tilled water was used in place of the clover fraction. Acetylcholine was 
added as a substrate and the change in pH was observed after a two hour 
incubation (Michel, 1949). A Beckman model G pH meter was used for 
our measurements. Inhibition of the ChE was calculated as follows: 

ApH control—ApH test sample . 100=% ChE. inhibited. 
ApH control 





Stability Studies 


A third sample of ladino clover, batch III, was harvested October 19, 
1955, and was fractionated and analyzed in the same manner as batches 
I and II. To test the lability of inhibitors with time, a sample of batch IIT 
clover (stored three months) and a sample of batch I clover (stored eight 
months) were fractionated and assayed by the Warburg oxygen uptake 
and ChE methods. 


Results and Discussion 


The fractions obtained by the modified Wall’s procedure from batches 
I and II were tested by the three in vitro assays described previously. In 
tests on oxygen uptake of rat diaphragm the benzene soluble fraction pro- 
duced little effect while the 50% ethanol soluble fraction caused greater 
inhibition. When the 50% ethanol soluble fraction was acidified and par- 
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Figure 3. Effect of ladino clover fractions of batch I on spontaneous activity 
of intestinal muscle. 








titioned with butanol, the inhibitory factor(s) was retained in the aqueous 
fraction (figure 2). The Warburg method as adapted appeared to be a 
satisfactory assay method to study the effect of clover fractions on muscle. 

The kymographic tracings (figure 3) showed that spontaneous activity 
of intestinal muscle was inhibited by the ethanol soluble fraction and by 
the aqueous fraction. Less efiect was shown with the benzene soluble 
fraction and the butanol fraction. The kymographic tracings resemble those 
of Parsons et al. (1955) who treated isolated rabbit gut with ladino clover 
juice. 

Cholinesterase (ChE) assays showed that all the clover fractions caused 
some ChE inhibition and that the ethanol fractions caused the most. After 
the ethanol soluble fraction was further fractionated with butanol, the 
aqueous fraction retained the major part of the anticholinesterase activity 


(table 1). 


TABLE 1. INHIBITION OF CHOLINESTERASE (ChE) ACTIVITY JN VITRO 
BY LADINO CLOVER FRACTIONS 











ChE 
Fraction activity inhibted 
% 
Benzene soluble 44a 36> 
50% EtOH soluble 61 62 
Aqueous 55 54 
BuOH 8 11 





® Batch I. 
» Batch IT. 
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Our results indicate that the fractions of ladino clover (batches I and 
II) caused varying inhibition of the three biological systems in vitro. The 
benzene soluble fraction inhibited ChE activity but did not affect muscle 
Oz consumption. Conversely, the butanol fraction inhibited ChE activity 
slightly, but inhibited muscle oxygen consumption more strongly. Neither 
of these fractions inhibited the spontaneous activity of rat intestine. The 
alcohol soluble fraction and its water soluble components (the aqueous 
fraction) inhibited all three assay systems. 

Data summarized in table 2 for zero months storage reveal a different 
pattern of inhibition of the assay systems by batch III ladino clover than 
that described above for the clover of batches I and II. A major difference 


TABLE 2. SUMMARY DATA AND THE INFLUENCE OF STORAGE ON THE 
INHIBITORY EFFECTS OF DRIED LADINO CLOVER 








Benzene 
soluble fraction Butanol fraction Aqueous fraction 





ChE Oz ChE Oo ChE Oz 
Time activity uptake activity uptake activity uptake 
Sample stored * inhibited inhibited inhibited inhibited inhibited inhibited 





months % / % N % 


Batch II 0 36 3 11 34 54 
Batch I 0 44 5 8 38 55 
Batch I 8 6 0 28 12 
Batch LI 0 15 19 4 9 
Batch II 3 12 16 5 11 





8 Stored in an air-tight metal container at room temperature. 


appears to be a higher concentration of cholinesterase inhibitor in the 
clover of batches I and II. This work thus demonstrates, as do field obser- 
vations, that not all samples of ladino clover show the same biological 
effects. 

The fractionation and in vitro assay data suggest that ladino clover can 
contain at least two toxic substances, a ChE inhibitor and an inhibitor of 
muscle respiration. Possibly, the biological effects of the ladino clover 
fractions may be due in part to triterpenoid saponins (Walter e¢ al., 1954) 
which have been used to produce bloat experimentally (Lindahl e¢ al., 
1954). 

It is of interest that in preliminary trials with two young bulls and three 
sheep the intravenous injection of the aqueous fraction from ladino clover 
(batches I or II) caused such symptoms as dypsnea, respiratory failure, 
muscular tremors, muscular tetany, and rumen distention; decreased ac- 
tivity of red cell cholinesterase in vivo was also observed. Details of these 
experiments will be reported later. 

Fractionation of the dried and ground ladino clover following storage 
in an air-tight metal container showed that a storage time of three months 
did not appreciably alter the inhibitory effects on the oxygen uptake of 





ToxiIcITY OF LADINO CLOVER FRACTIONS EZ 


diaphragm nor on ChE activity. A storage time of eight months, however, 
appreciably reduced the effect of the ChE inhibitor and altered only slightly 
the effect of the inhibitor of oxygen uptake (table 2). The results indicate 
that the inhibitor(s) of the respiratory system in vitro is relatively stable 
during storage while the in vitro ChE inhibitor(s) is more labile. These 
data again suggest the present of at least two different inhibitors in ladino 
clover. 

Data of this investigation show inhibition of three physiological systems 
by fractions from ladino clover. The im vitro assay techniques used may 
become valuable in future investigations of the etiology of bloat. 


Summary 


Ladino clover was fractionated with several solvents and the fractions 
assayed for their physiological effects. In addition to kymographic tracings 
used by other workers to test the inhibitory effects of plant constituents 
on spontaneous muscle activity, Warburg’s method for measuring oxygen 
uptake of tissues and Michel’s method for measuring cholinesterase (ChE) 
activity of red cells were modified to serve also as im vitro assays for such 
inhibitory effects. 

When fractions of ladino clover were assayed, the alcohol soluble fraction 
and its water soluble components (aqueous fraction) inhibited three bio- 


logical systems in vitro. The benzene soluble fraction and the butanol frac- 
tion caused less inhibition of these assay systems. 

The relationship between ruminant bloat and the ladino clover fractions 
which were inhibitory to the in vitro assay systems awaits further investi- 
gation. 
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FRESHLY HARVESTED AND STORED BARLEY AS SOURCES OF 
CERTAIN B-COMPLEX VITAMINS 


B. A. Kocu,! J. H. Meyer, G. P. LorGREEN AND H. Goss ” 
Department of Animal Husbandry, University of California, Davis 


NFORMATION concerning storage effects upon the B-complex vitamins 

of cereal grains is especially limited in scope and quantity. Several re- 
views of literature relating to chemical and nutritional changes in stored 
grain have been published (Jones e¢ al., 1943; Anonymous, 1943; Watson, 
1946; Zeleny, 1948). However, in many cases the information available 
leads to rather indefinite conclusions. 

The primary objective of this study was to measure animal responses 
when stored or fresh barley served as the major source ‘of a certain B-com- 
plex vitamin rather than to measure actual chemical changes during storages. 
In the final analysis it is the biological utilization of the stored or fresh 
barley as a source of particular nutrients which is important. The rat was 
used as the test animal because (1) it is convenient and economical to 
handle large numbers on an individual basis and (2) the B-complex vitamin 
requirements of the rat are similar to those of the pig. 


Experimental 


For three consecutive years samples of Atlas 46 barley grown on the 
same general area (University Farm) were collected for this study. Part 
of each sample was fed immediately as fresh barley. The remainder was 
stored for use in future years. The barley was stored as whole grain in 30- 
gallon galvanized metal garbage cans. These were covered, but not sealed, 
and stored in a room in which the temperature and humidity fluctuated 
with environmental conditions. The temperature ranged from 30° F. to 
110° F. The humidity ranged from about 10% to near 100%. A piece 
of absorbent cotton soaked in carbon tetrachloride was placed in each can 
every three months to prevent insect infestation. Table 1 shows the 
chemical analyses of the barley samples used. Analyses of the same sample 
in different years always gave essentially the same results. 

Three separate experiments were conducted, one each during 1952, 1953, 
and 1954, soon after barley was harvested. The general outline of the 
study is shown in tables 2, 3, and 4. In this design barley was used as a 
sole source of the vitamin in question. If the barley is not deficient in a 
particular vitamin, then the design allows a check each year on the ade- 
quacy of the stored barley as a sole source of the vitamin. If a vitamin is 


1 Present address, Animal Husbandry Department, Kansas State College, Manhattan, Kansas. 
2 The authors are pleased to express their appreciation to W. C. Rollins for his advice in the 
statistical analyses. 
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deficient, comparison to proper controls will give information on possible 
decreases in concentration. Each year a group of rats on each vitamin 
regimen was fed a purified diet as a means of making comparisons of the 
response in different years. This same group served as a means of deter- 
mining whether or not an absolute deficiency of the vitamin in question 
resulted in depressed weight gains or other measurable deficiency symptoms. 

The constant components of the rations which were based on those used 
by Meyer (1954) were cottonseed oil 5%, salts 6%, vitamin free-casein 
24%, and either sucrose or barley, 64%, while the variable components 
were the B-complex vitamins. When the vitamins were added, the following 
levels were used in milligrams per 100 gm. of ration: Thiamine, 0.3; ribo- 


TABLE 1. ANALYSIS OF DIFFERENT BARLEYS (D. M. BASIS) 








Year harvested 








Constitutent 1952 1953 1954 
% % % 
Dry matter 91.5 91.5 91.7 
Protein (NX 6.25) 8.4 9.0 10.0 
Ether extract 1.8 r AB 23 
Crude fiber 6.8 6.9 : Py | 
Ash Sz Bsa 3.0 





flavin, 0.3; pyridoxine, 0.2; niacin, 2.0; calcium pantothenate, 2.0; folic 
acid, 0.025; biotin, 0.01; and inositol, 10.0. Ample quantities of vitamins 
A, D, E, and K were supplied to each animal weekly by oral administra- 
tion. All barley fed was ground through a 1/32-inch screen in a hammer 
mill just before it was mixed into the ration. All mixed rations were stored 
at 32° F. 

Animals used in the 1952 trial were inbred Long-Evans rats from the 
Animal Husbandry Department colony. Long-Evans rats purchased from 
commercial suppliers were used in both the 1953 and 1954 trials. Six rats 
were used in each group in the 1952 and 1953 trials while 8 rats were used 
in each group in the 1954 trial. In all the trials weanling male rats were 
individually fed for four weeks in wire-bottomed cages. Weekly weight gain 
and food consumption records were kept. Special scatterproof feed cups were 
used. All of the animals were fed and watered ad libitum. During the 
course of the trials rats which showed definite evidence of respiratory infec- 
tion were eliminated from the study. 

To check for the effect of storage time on the response of the rats to 
barley as a sole source of the vitamin in question, the interaction terms in 
the analysis of covariance (Snedecor, 1946) were used in two statistical 
analyses. First, in the 1954 triai, the interaction term of the barley ration 
plus all vitamin additions vs. barley as a sole source of the vitamin in 














TABLE 2. SUMMARY OF 1952 B-COMPLEX VITAMIN STUDY 


B-VITAMINS IN BARLEY 








Average 28-day 
weight gain 








Average 28-day 
food consumption 








1952 Purified 1952 Purified 
Treatment barley diet barley diet 
gm. gm. gm. gm. 
No vitamin addition 78 —10 240 112 
Complete vitamin addition 162 148 372 341 
No thiamine addition 157 13 378 146 
No riboflavin addition 73 15 238 139 
No pyridoxine addition 160 62 396 196 
No pantothenic acid addition 164 53 366 204 
No niacin addition 171 148 412 353 
No choline addition 169 142 392 353 

No biotin, folic acid or 

inositol addition 167 126 393 312 





TABLE 3. SUMMARY OF 1953 B-COMPLEX VITAMIN STUDY 








Average 28-day wt. gain 





Average 28-day 
food consumption 








1952 1953 Purified 1952 1953 Purified 
Treatment Barley Barley diet Barley Barley diet 
gm. gm. gm. gm. gm. gm. 
No vitamin addition 104 89 —16 312 284 102 
Complete vitamin addition 162 154 154 443 408 426 
No thiamine addition 153 165 0 432 424 166 
No riboflavin addition 114 106 18 361 326 192 
No pyridoxine addition 148 138 85 429 403 264 
No pantothenic acid addition 142 138 67 403 382 286 
No niacin addition 136 135 157 386 392 383 
No choline addition 149 153 162 400 404 410 

No biotin, folic acid or 

inositol addition 160 142 137 442 409 370 





TABLE 4. SUMMARY OF 1954 B-COMPLEX VITAMIN STUDY 








Average 28-day weight gain 


Average 28-day food consumption 








1952 1953 1954 Purified 1952 1953 1954 Purified 
Treatment Barley Barley Barley diet Barley Barley Barley diet 
gm. gm. gm. gm. gm. gm. gm. gm. 
No vitamin addition 73 87 (0) 4 250). 278 ©2800. 422 
Complete vitamin addition 129 136 119 128 360 358 347 334 
No thiamine addition 126 129 136 —5 362 363 373 163 
No riboflavin addition 86 85 72 17 263 287 247 170 
No pyridoxine addition 117 114 130 50 326 336 361 218 
No pantothenic acid addition 117 128 124 24 350 350 339 194 
No niacin addition 144 133 138 138 396 372 379 370 
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question was used. If this term was significant, it would indicate a differ- 
ential response between the 1952, 1953, and 1954 barley when fed in the 
same year. Secondly, for the 1952 barley fed in 1952, 1953, and 1954, the 
interaction term of the 1952 barley plus all vitamins vs. the barley as a 
sole source of the vitamin in question was used. In this case, a significant 
interaction would indicate a differential response for the 1952 barley as 
a sole source of the vitamin in question in different years. 


Results and Discussion 


The weight gain and food consumption figures for the three trials are 
summarized in tables 2, 3, and 4. Weight gains of the animals fed the 
purified diet to which all B-complex vitamins were added, indicate that it 
was adequately supplemented in all three years of the experiment. Barley 
did not give significantly greater weight gains than sucrose when both were 
supplemented with all vitamins. This suggests that barley did not supply 
additional unknown factors. 

In general, the only deficiency symptoms noted by feeding purified 
vitamin deficient diets were anorexia and severe depression of the growth 
rate. These symptoms were evident in the case of thiamine, riboflavin, 
pyridoxine, and pantothenic acid deficient diets. In the case of the thiamine 
deficient purified diet, all the rats developed some classical symptoms of 
thiamine deficiency (anorexia, depressed growth, diarrhea, and nervous- 
ness) during the four-week feeding period. No deficiency symptom of any 
kind was evident among animals fed purified diets lacking in niacin, choline, 
inositol, or folic acid and biotin. 

In each of the three trials conducted, one diet group receiving the puri- 
fied ration was given no B-complex vitamin supplementation. All indi- 
viduals in those groups lost weight and many of them died before the 
feeding period ended. 

Addition of thiamine to the basal diet containing 64% barley did not 
significantly increase or decrease gain in any of the trials. Analysis of the 
1954 study indicated that even after two years, stored barley contained 
ample quantities of thiamine for maximum growth under the conditions of 
the study. 

On the other hand the riboflavin content of the barley used was not 
adequate for the rats under the conditions prescribed. In every case, weight 
gains were reduced by about 40% when no supplementary riboflavin was 
added to the diet. Apparently storage had no effect on the riboflavin in 
the barley as measured in this study. Analysis of covariance of the 1954 
data showed no significant interaction between barley from different years 
and treatments. The analysis of covariance of the 1952 barley fed in 1952, 
1953, and 1954, indicated a highly significant interaction for barley as a 
sole source of riboflavin vs. barley plus complete vitamin addition. This 
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means that there was a differential response to the 1952 barley as a source 
of riboflavin in the various years fed. An inspection of table 4, however, 
indicates that the response to the 1952 barley as a ribo‘lavin source was 
as great as the response to either the 1953 or 1954 barley in the 1954 
study. Thus it appears that the differential response indicated by the 
statistical analysis may be due to some uncontrolled influence such as the 
source of experimental animals. Circumstances made it necessary to obtain 
rats from a different colony each year. 

Pyridoxine is also apparently present in barley in adequate amounts for 
growing rats. Statistical analysis of the data indicated that storage did 
not reduce the amount of pyridoxine in the barley below that required 
for maximum growth under the conditions specified. 

The 1952 and 1954 animals receiving the barley ration with no added 
pantothenic acid did as well as their controls receiving complete supple- 
mentation. Results of the 1953 trials, however, indicated that the barley 
samples were inadequate in pantothenic acid. Graying of the hair was noted 
in some rats. 

The summary of the statistical analysis of the results obtained with the 
1952 barley fed in three different years indicated that the group receiving 
no pantothenic acid gave significantly different results in different years. 
However, the results of the 1954 trial indicated that all barley samples 
contained adequate pantothenic acid for maximum growth of rats. The 
apparent discrepancy in the results of the 1953 trial is not entirely ex- 
plainable at this time. It is possible that the amount of pantothenic acid 
in barley is barely adequate for maximum growth and thus it could become 
limiting under certain conditions. 

Niacin was included in all trials because it has been shown that a condi- 
tion which responds to niacin therapy can be produced in rats if there is 
an amino acid imbalance in the diet (Elvehjem, 1948). This syndrome is 
produced by feeding a diet low in tryptophan and high in the other amino 
acids, especially threoine and phenylalanine. There was no evidence of a 
niacin deficiency in any of the diet groups in this study. 

While it was expected that additions of choline, biotin, folic acid and 
inositol to these diets were not needed, these vitamins were included in 
this study to demonstrate this. The addition or withholding of these vita- 
mins in either the barley or purified diets gave no measurable differences 
in weight gains. 


Summary 


Freshly harvested barley or barley stored for two years contained ade- 
quate amounts of thiamine and pyridoxine to meet the nutritional require- 
ments of the growing rat. There is the possibility that the amounts of 
pantothenic acid may be too low to give maximum growth under certain 
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conditions. Niacin, choline, folic acid, biotin and inositol are apparently 
not required additions to the diet of the rat when a semi-purified diet or a 
diet containing 64% barley is fed. 

Barley, included as 64% of the diet, did not contain sufficient riboflavin 
to meet the needs of the growing rat. The riboflavin level of the barley was 
apparently not decreased by storage. 
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CLIMATIC STRESS ON TROPICALLY REARED BREEDS 
OF CATTLE 


JorcE DE ALBA AND JosE Ma. Couto Sampaio ! 
Department of Animal Industry, Instituto Turrialba, Costa Rica 


hier report represents a preliminary attempt to define the best avenues 
of approach for selecting animals adapted to a tropical environment by 
using a climatic chamber as a means of testing their adaptability. 

Several studies have been recently published that describe differences 
in the reactions of animals of various breeds as they are subjected to high 
ambient temperatures (Kibler and Brody, 1951; McDowell e¢ al., 1954). 
In all these studies, however, the animals tested were born and reared in 
temperate climates, so that they may not have been physiologically ad- 
justed to the new environment to the fullest extent possible. All animals 
used in the present study were born at or near Turrialba, and had always 
lived in ambient temperatures of about 20° C., and in the high humidity 
characteristic of a rain forest type of tropical climate. Furthermore, this 
study presents some new and significant comparisons between the behavior 
of animals toward tests conducted at night and in the daytime. 


Materials and Methods 


The climatic chamber at Turrialba (Rhoad, 1950) has a capacity of 
eight yearling calves or 4 adult cows. Temperature and humidity are con- 
trolled by automatic equipment and by means of forced air circulated at 
two possible constant speeds. An insulated roof protects the animals from 
solar radiation, and electric light was used throughout the trials. The floor- 
ing is of wood, and, in the present studies, no special equipment was used 
to restrain the animals except for a metal tie-bar to which haltered animals 
were secured. Their position was determined at random for each trial. 

Groups of four heifers representing each of the following breeds or 
crosses were used: Brahman,’ Santa Gertrudis,? Milking Criollo,* Guernsey, 
Ayshire, Holstein, Jersey,° and Zebu X Brown Swiss crosses.® 

All animals were between the ages of 12 and 13 months at the start of 
the trials, and had been subjected to the same management and to the 
same pasturage for at least 40 days prior to the first test. All had been 

1 Present address: Instituto Agronomico de L’Este, Cruz das Almas, Bahia, Brazil. 

2 Appreciation is expressed to the American Brahman Breeders Association, for help in securing 
donation of foundation animals for the Brahman herd. 

3 Foundation animals for the Santa Gertrudis herd were donated by The King Ranch. 

4The term Milking Criollo refers to the type of superior Milking Criollo of the American tropics, 
being perfected at the Institute, and at Maracay, Venezuela. 

5 Acknowledgement is made for animals of the Europear breeds lent by neighbors of the Institute: 
Mr. Carlos Piedra, Mr. Sergio Castryo Sr. Fernando Esquivel. 


6 The Zebu X Brown Swiss crosses came from the use of Sindhi X Swiss bull on cows obtained from 
the use of purebred Brown Swiss bull on local Zebu cows. 
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exposed from birth to common external and internal parasites of the area 
(coccidia, lungworms, ticks, torsalos, Dermatobia hominis), though dam- 
ages attributable to these pests had been apparent only in the European 
breeds. Through spraying, all animals were freed of external parasites for 
the duration of the tests and for at least a month prior to the first test. 
Also systematic use of phenothiazine was made prior to the start of the 
tests. Despite these precautions the size and condition of the heifers varied 
not only from breed to breed but within breeds. The possible implications 
of these differences will be commented upon in the discussion to follow. 

Two test ambients were used. One representing average Turrialba 
weather with dry bulb temperature of 25° C. (77° F.) and a wet bulb 
reading of 18.3° C. (65° F.) or vapor pressure of 13 mm. Hg. The second 
ambient, representing extreme tropical conditions, had a dry bulb reading 
of 40.5° C. (105° F.) and a wet bulb reading of 29.4°C. (85° F.) or 
25.5 mm. of Hg. vapor pressure. 

All groups were subjected to the test ambients for periods of 6 con- 
secutive hours. Individual readings of respiration rates and rectal tempera- 
tures were made at the end of 1, 3 and 5 hours of exposure. The test was 
repeated for both day and night readings four times at intervals of no 
less than 8 days. For the daytime observations the animals were put in 
the climatic chamber at 9 a.m. and the test was continued until 3 p.m. 
For the night observations they were placed in the chamber at 8 p.m. and 
kept there until 2 a.m. 


Results 


After the first four trials were completed statistical calculations were 
carried out to determine the increase in accuracy to be obtained from more 
than four replications of the same test, as well as the degree of accuracy 
to be gained from treating separately the three readings taken at each 
test. No justification was found for carrying out more than four replica- 
tions nor for treating the replications as separate tests. No consistent dif- 
ferences were found between readings taken after one, three or five hours 
of exposure to the test ambients. It was decided, therefore, to use for 
analysis the breed average for each ambient, and the average of the three 
readings. 

There were indications in the data of a strong difference between values 
read in daytime and values read at night—specially in some of the breeds. 
Therefore, the results of tests run at these two times were kept separate in 
handling the data. The average values for both physiological measurements 
are presented in table 1. An analysis of variance was run for these two meas- 
urements with the results given in table 2. 

To facilitate the study of comparisons between groups, the differences 
among breeds were subdivided into the seven orthogonal comparisons, each 
one with one degree of freedom as presented in table 3. Confidence limits 
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TABLE 1. AVERAGE RECTAL TEMPERATURE AND RESPIRATORY RATE 
UNDER TWO TEST CONDITIONS AND DAY AND NIGHT READINGS 

















Daytime measurements Nighttime measurements 
Rectal Resp. Rectal Resp. 
temp. in °C. at per minute at temp. in °C. at per minute at 
Breeds a5°'S. AGS*C; (25°C... 40,5" ©. 25°C. AOS, 25°C. -40:57C. 

Brahman 38.8 39.5 21 86 39.0 39.8 21 103 
Santa Gertrudis 38.7 39.9 28 114 38.9 40.0 34 121 
Criollo 38.8 39.7 37 140 38.8 39.7 3 145 
Swiss X Zebu 38.9 39.6 34 148 39.0 39.7 27 148 
Holstein 38.9 39.7 36 125 ES 40.2 32 144 
Guernsey 38.8 39.3 40 110 39.0 40.0 52 148 
Ayrshire 39.3 40.3 61 145 39.7 40.9 60 155 
Jersey 39.3 39.9 46 144 39.0 40.3 37 154 





for the individual averages are presented graphically in figure 1, pooling 
together the readings at both ambients. 

Environment (ambient), breeds and time of day were considered fixed 
effects for purposes of analysis of variance. Under this assumption the 
appropriate error term to test all main effects and their interactions is: 
individuals within breeds, times and ambients. 

Discussion. From the beginning of the work the most surprising thing 
that emerged was the difference in behavior of some groups of heifers when 
the test was run in daytime as compared with tests made under exactly 
the same conditions, but at night time. There were significant interactions 
between breeds and time of test for both respiratory rate and rectal 


TABLE 2. ANALYSIS OF VARIANCE FOR VALUES OF RESPIRATIONS PER 
MINUTE AND RECTAL TEMPERATURE OF HEIFERS OF EIGHT DIF- 
FERENT TYPES OF BREEDING SUBJECTED TO DIFFERENT TEST 
TEMPERATURES IN DAY AND NIGHT TRIALS 2 








Mean squares 








Rectal 

Source of variance D.F Resp. per minute Temperature 
Total 127 
Time (day or night) 1 3450.00** “67° 
Ambients 1 §82721.15"* 76.86** 
Breeds r) 9710.00** PARAS aes 
Ambients x time 1 5009.81** 0.92* 
Breeds ambients 7 2789 .838** 0.36* 
Breeds X time 7 884 .00* 0.49** 
Breeds X ambients& time 7 220.50 0.19 
Individuals within breeds, 

time and ambients 96 324.60 0.16 





* Significant at the 5% level. 
** Significant at the 1% level. 
®The authors express gratitude to Dr. Mario Gutierrez G., Geneticist, IAIAS, under whose 
guidance the statistical work in this paper was carried out. 
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temperature which indicate that all breeds did not react similarly to dif- 
ferences in the time of day. Though all breeds had higher values for night 
readings than for day readings, it was the Brahman (best adapted of all 
breeds tested as far as maintenance of homeostasis under the conditions of 
the tests) that had the greatest difficulty in maintaining comparable good 
daylight performance at night. The milking Criollo on the other hand had 
practically the same performance at either time of testing. 


TABLE 3. DIFFERENCES BETWEEN AVERAGES BY BREED AND THEIR 
SIGNIFICANCE UNDER DAY AND NIGHT CONDITIONS FOR RES- 
PIRATIONS PER MINUTE (RPM) AND RECTAL 

TEMPERATURE (RT) 











Differences between averages and their 














significance 
Daytime Nighttime 
Comparisons RPM RT RPM RT 

(Santa Gertrudis) vs. 

(F2 Swiss X Zebu) 20** 0.05 10 0.15 
(Criollo) vs. (S. Gertrudis, 

F. Swiss X Zebu) 7 0.07 6 0.24* 
(Brahman) vs. (S. Gertrudis, 

Criollo, F2 SwissX Zebu) 29.3" 0.10 ee"" 0.12 
(Brahman, S. Gertrudis, Criollo, 

F: Swiss X Zebu) vs. (Holstein) 4 0.06 9.50* 0,32" 
(Brahman, S. Gertrudis, Criollo, 

F, Swiss X Zebu, Holstein) 

vs. (Guernsey) 00.8 0.22" 19.6" 0.08 
(Ayrshire) vs. (Jersey) 8 0.22 a” 0.63** 
(Ayrshire, Jersey) vs. (Brahman, 

S. Gertrudis, Criollo, F2 Swiss x 

Zebu, Holstein, Gurensey ) 2224°* 0.48** 17.8 o:55** 





* Significant at the 5% level. 
** Significant at the 1% level. 


The general behavior of the animals during the tests gives further support 
to the view that breed differences exist. The Brahmans were decidedly more 
nervous at night, more so at 25° C. than at 40.5°. At the high test tempera- 
ture the Brahmans tended to be practically immobile, as though obeying 
a physiological urge to conserve energy, so that it was far easier to insert 
the thermometer at the high than at the low temperatures. But at night, 
though they remained generally quiet and easy to handle at the high 
temperatures, they were obviously not at rest, pulling at the halters and 
stepping back and forth slowly but continuously. 

The behavior of the Criollo and Swiss Zebu heifers was remarkably 
similar in all respects, and it was somewhat similar to that of the Santa 
Gertrudis, except in rectal temperatures at night. In this trait the Santa 
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Gertrudis tended to show a rise similar to that shown by the Brahman 
cattle. 

Within the European breeds it is clear that stress was evident even at the 
25° C. level. The Ayrshires and Jerseys were somewhat less capable of 
maintaining low respiratory rates and body temperatures than the Guern- 
seys and Holsteins. This is a little surprising in view of published results 
obtained with older animals. Any attempt to classify these breeds as to their 
absolute heat tolerance would seem unjustified, since there appear to be 
many modifying factors to their response in the climatic chamber. Heifers 
of one year of age were chosen to eliminate the complications of pregnancy, 
lactation and level of production on older animals, or differences in hand 
and dam-reared breeds. Though all heifers were fed the same, on tropical 
grass pasturage, which was uniformly green throughout the trials, it was 
obvious that not all heifers were in the same nutritional state, and there- 
fore, not of the same physiological age. 

In this respect emphasis should be placed on differences between the 
two beef breeds, the Brahman and Santa Gertrudis, where weight for age 
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Figure 1. Confidence limits for average respiratory rate and rectal temperature 
in day and night tests on eight breeds of cattle. 
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is more important than it is in the dairy breeds. Fortunately, we had ob- 
tained some further data on the same heifers used in this experiment, since 
they had been exposed in daytime to the same test ambients six months ear- 
lier when they were suckling their dams. Comparing some of the data obtained 
at six months of age with those obtained at one year and examining their 
weight records at the same time brought some important facts to light. 
The differences between ages (table 4) were highly significant for respira- 
tory movement, but not for rectal temperature. The interaction between 
breeds and ambients was significant for both respiratory rate and rectal 
temperature. However, at six months of age both breeds were on a higher 


TABLE 4. RECTAL TEMPERATURE AND RESPIRATORY RATE IN 
BRAHMAN AND SANTA GERTRUDIS HEIFERS AT 6 AND 
12 MONTHS OF AGE 








Brahman Santa Gertrudis 











6 months 12months 6 months 12 months 
Rectal temp. at 25° C. 38.8 38.8 38.9 38.7 
Rectal temp. at 40.5° C. 39.6 39.5 40.5 39.9 
Respiratory rate at 25° C. 28 21 55 28 
Respiratory rate at 40.5° C. 94 86 150 114 





plane of nutrition (suckling) and the Santa Gertrudis were obviously 
fatter. The improvement in performance with age was greater in this breed 
than in the Brahmans so that the age-nutrition factors are confused. 
Records of their weights give support to the finding of Cartwright (1955), 
that individuals with high resistance to hot environments as measured by 
rectal temperature rises in climatic chambers are not necessarily the best 
weight gainers in hot weather. Our Santa Gertrudis heifers, though losing 
some of their baby fat after weaning, kept outgaining the Brahmans when 
placed in abundant pasturage of a tropical nature (molasses grass Melinis 
minutiflora and common Guinea, Panicum maximum). At six months of 
age the average weight for the Brahman heifers was 147 kg. and for the 
Santa Gertrudis, 186 kg. At 20 months of age the latter weighed 310 kg. 
and the Brahmans 283 kg. This same pasture was not capable of main- 
taining satisfactory growth of the Ayrshires, Jerseys, Holsteins or Guern- 
seys. The Criollos and Swiss Zebu were in very thrifty condition at the 
end of the experiment; not as heavy as the Santa Gertrudis, though some 
individuals surpassed the Zebus. 

It appears that under the conditions of management on natural tropical 
pastures, tests obtained by short time exposure to test ambients in a 
climatic chamber are obviously vitiated by the nutritional and general adap- 
tation of the animals to conditions existing outside the chamber. The 
differences in physiological behavior between day and night tests, specially 
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in the Brahman, suggests a possible compensatory rise in metabolism at 
night for the tropically adapted breeds. But this would not explain why the 
unadapted Guernsey would have rises in night readings even greater than 
those of the Brahman. Since the heifers in these tests were not fasted, 
and came directly from the pasture to the climatic chamber, this particular 
behavior may merely be a reflection of different grazing habits, or degrees 
of fill during the tests. 


Summary 


Results are presented for rectal temperatures and respiratory rates for 
four yearling heifers of each of the following breeds or crosses: Brahman, 
Santa Gertrudis, tropical Milking Criollo, Brown Swiss Zebu, Holstein, 
Guernsey, Ayrshire and Jersey. Two test ambients were used in a climatic 
chamber: 25° C. and 40.5° C. dry bulb readings combined with 18.3° C. 
and 29.4° C. wet bulb reading, respectively. Tests were run both in the 
daytime and at night. 

Lower respiratory rates and rectal temperatures were found for the day- 
time readings than for the night time readings. The Brahmans were less 
superior under night tests than under day tests. The F2: Swiss Zebu and 
Criollo were remarkably similar in heat tolerance. Definite ratings among 
the European breeds seem unjustified in view of the obvious influence of 
previous history and nutritional status when reared and maintained in 
tropical pasturage to which they are ill adapted. This resulted in differences 
in physiological age or condition of flesh though theoretically the feeding 
opportunities were equal for all heifers. 
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COOLING CATTLE BY MECHANICALLY INCREASING AIR 
MOVEMENT ! 


N. R. IttNeEr,? C. F. Ketty® anp T. E. Bonp + 
University of California 


HIS paper is one of a series reporting experiments conducted at the 

Imperial Valley Field Station on ways of making life more comfortable 
for livestock during the summer (Ittner et al., 1951, 1954, 1955; Kelly 
et al., 1950; Ittner and Kelly, 1951; Bond et al., 1954). Four methods of 
keeping animals cooler have been reported: cool drinking water, lowering 
the increment of heat by diet, cattle shades, and wire corrals which pro- 
vide the animals with less radiant heat and more air movement than wooden 
corrals. 

Since there was a difference of 1.32 MPH in air movement between 
wooden and wire pens (1955) and the difference in daily gain could be 
attributed to either increased air movement or a reduction in radiant 
heat load, it was felt advisable to study the cooling effect of wind on 
cattle by mechanically increasing the air movement. This paper discusses 
studies on the effect of air movement on cattle. 


Material and Methods 


During the summers of 1955 and 1955, feeding trials were conducted 
with Hereford steers (average weights 669 lb. and 651 lIb., respectively) 
during two 70-day periods, one from July 6 to September 14, 1955, the 
other from June 27 to September 5, 1956. Seven steers were fed in each 
of two similar pens, except that in 1956 the control pen had only five 
steers, two steers having been lost at the very beginning. Both pens were 
50 50 ft. enclosed by 6-foot fences constructed of four 210 in. planks. 
The shades were 10 ft. above the ground and provided at least 78 sq. ft. 
of shade per animal. Drinking water was uncooled and the animals were 
fed hay and grain twice daily, all the feed they would clean up between 
feedings. Animal weights were taken after a 10 hour stand in a dry corral 
without feed or water. 

One pen each year was provided with a 42 in. barn ventilating fan 
(17,000 cfm capacity) mounted on top of the fence along the windward 
side of the corral (figure 1). In 1955 the fan ran 12 hours during the 
day the first 21 days, then continuously for the remainder of the test. 

1 This paper is a result of a cooperative project between the U.S.D.A. and the Departments of 
Animal Husbandry, and Agricultural Engineering of the University of California. The authors wish 
to acknowledge the assistance of Phil Trask and Delbert Gaskin, Herdsmen, and to Robert Combe, 
Superintendent of Buildings and Grounds, for his help with the electrical equipment. 

2 Department of Animal Husbandry, El Centro, California. 


83 Department of Agricultural Engineering, Davis. 
4 Agricultural Engineer, U.S.D.A., Davis. 
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In 1956 the fan ran continuously for the entire period. The center of 
the air stream was directed down into the corral at about the center of 
the shade. The other pen served as a check and was not provided with any 
artificial air movement. 

On August 11, 1955, and September 11, 1956, four halter-broken Here- 
ford calves were used to check the cooling effect a fan had on animal body 
temperatures. (Cattle used in the experiment were too wild for this test). 
Air temperatures at 2 p.m. were 103° F. and 106° F., humidity 26% and 
18%, respectively. At about 9:15 a.m. all four calves were tied in the shade 
without any air movement and a set of body temperatures was taken at 





Figure 1. The 42-inch fan mounted on south fence of 50 x 50 foot corral. 
9:30 a.m. Immediately afterwards two calves were moved under the shade 
where the fan was blowing and series of body temperatures was taken. 
Both shades and pens were identical. In 1955, skin temperatures were also 
measured while the body temperatures were being taken. Air velocity 
during these tests averaged around 400 fpm in the windy pen and 20 fpm 
in the pen without the fan. 

In 1955 only, at the center of each pen at animal level, there was a 
wire pen enclosing a small portable weather station that recorded the air 
temperature and air velocity. Water measuring devices, water temperature 
recordings, and weather station operation were the same as reported by 
Ittner e¢ al. (1951). During 1955 an anemometer recorded the air velocity 
at the weather station at animal level (3 ft. above the ground). Water 
temperature was not recorded in 1956 but both tanks were shaded. 


Results 


Weather data for the summers of 1955 and 1956 are presented in table 1. 
Although the mean temperature of 90.3° F. in 1955 was not the highest 
during the ten-year period that tests were in progress, the average minimum 
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TABLE 1. WEATHER DURING FEEDING PERIODS 














Air temperature (°F.) Relative humidity (%) 
Av. Av. Av. Av. 
Year Period of feeding trial max. min. Mean max. min. Noon Mean® 
1955 July 6 to September 14 103.2 78.3 90.3 80 23 29 46 
1956 June 27 to September 5 102.4 74.2 88.3 68 17 22 36 
® The mean relative humidity is the average of all 2-hr. readings throughout the period. 


of 78.3° F. was higher than any other year. Only five nights had a minimum 
temperature less than 70° F. The mean relative humidity was 46%; this 
was one of the more humid years. Average maximum, average minimum, 
and mean air temperatures for 1956 were the lowest for the ten years that 
tests were conducted. Mean relative humidity was 36%, close to the lowest 
of the ten years. There were 21 days in the 1956 period with night tem- 
peratures lower than 70° F. and these 21 days had an average minimum of 
66° F. 

Daily gains, food consumption, and economy of gains are shown in 
table 2. The average daily gain for the animals in the check pen in 1955 
was 1.29 lb. per day per animal, and they consumed 1,330 Ib. of feed for each 
100 lb. of gain. Animals exposed to the additional wind from the fan 
gained 2.32 lb. and consumed 924 Ib. of feed per 100 Ib. of gain. In 1956 
the differences were not as great; the check animals gained 1.87 lb. per 


TABLE 2. EFFECT OF A FAN ON HEREFORD STEERS 
(July 6-September 14, 1955) 
(June 27-September 5, 1956) 














1955 1956 
Fan Check Fan Check 
Number of animals 7 7 7 5 
Av. initial weight 669 669 645 657 
Av. final weight 831 759 813 788 
Av. daily gain BEY 1.29 2.40 1.87 
Av. daily ieed 
Barley 5.07 4.23 4.65 4.73 
M.D.B.P. bene 1.92 232 237 
Alfalfa hay 12.07 9.12 9.86 9.07 
Oat hay 1.94 1.91 2.39 2.49 
Total 21.41 17.18 19.18 18.36 
Feed per 100 Ib. gain 
Barley 219 327 193 253 
M.D.B.P. 100 149 97 127 
Alfalfa hay 521 706 410 485 
Oat hay 84 148 98 117 


Total 924 1330 798 982 
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head per day and the fan group gained 2.40 lb. Feed consumption per 
100 lb. of gain was 798 and 982 for the fan and check lots, respectively. 
The feed intake of the fan pens was higher than the check pens in both 
years. The differences in gain for both years are significant at the 1% level. 

Over the entire 70-day period of the test (1955) the air velocity at the 
center of the shade of the check pen was 55 fpm (0.63 MPH). In the fan 
or windy pen it was 325 fpm (3.7 MPH), while at the weather station the 
air movement was 1.75 MPH. Figure 2 shows the diurnal wind velocity 
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Figure 2. Average diurnal wind velocity in the two pens and at weather station. 


for these three locations. The relative humidity at the weather station 
averaged 46.4%. Average air temperatures for the entire period were 
87.5° F., 88.8° F., and 90.3° F. for check pen, windy pen, and weather 
station respectively. Figure 3 shows these differences for the three loca- 
tions. Temperatures were lower at the corral than at the weather station 
and were markedly lower during the hours of darkness. The large shaded 
area may have had some effect on air temperature. 

Water consumption during these two years did not show much variation. 
Fan pen animals in 1955 and 1956 drank 13.8 and 11.9 gallons per head 
per day, while the controls drank 12.4 and 12.2 gallons, respectively. 
Water temperatures averaged 88° F. in 1955. 

Results of the body and skin temperature readings on the four calves 
are shown in table 3. Each skin temperature figure is the average of six 
readings. Both body and skin temperatures seem to be lowered by the in- 
creased air movement. 
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Discussion 


Different environmental conditions make it difficult to evaluate properly 
tests made in different years. In this case, 1955 was hot and humid; 1956 
was cooler and had a lower average humidity. Since high humidity and 
high temperatures have a definite depressing effect on cattle (Kibler and 
Brody, 1953), these atmospheric differences may account in part for the 
lower daily gains of the check pen animals in 1955 and for their faster 
gains in 1956. 
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Figure 3. Average diurnal air temperature in fan pen, check pen, and weather 

station. Relative humidity at weather station. 


Earlier work (Ittner et a/., 1955) has shown the environmental tempera- 
ture in a wire pen to be 5° to 6° F. lower than in a wooden corral. This 
was only a measure of radiation and air temperature and not a mesaure 
of the benefits of the increased air movement found in a wire pen. The 
tests reported here show definitely that increased air movement helps to 
provide a more comfortable environment for cattle during the summer. 
Thus, wire pens contribute in three ways toward a comfortable environ- 
ment by providing (1) reduced radiation, (2) reduced air temperature, 
and (3) increased air movement. 

When increased air movement is used to cool cattle, it must be remem- 
bered that as long as air temperature is lower than the surface temperature 
of an animal, wind has a potential convective cooling effect. If, however, 
the air is warmer than the surface, the effect reverses so that there is po- 
tential convection heating from wind. Studies in chambers at the Uni- 
versity of Missouri (Thompson e¢ al., 1954) have shown that the surface 
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temperature of dairy cattle increases with an increase in air temperature, 
but at a slower rate so that the surface temperature is always above air 
temperature until both come together at about 103° F. Whether this 
103° F. holds true under natural conditions is not known, but there could 
be a variation from this point depending on relative humidity, velocity of 
air movement, and the amount of moisture lost through the skin of cattle. 


TABLE 3. BODY TEMPERATURE AND SKIN TEMPERATURE DIFFERENCES 
OF HEREFORD STEERS WITH AND WITHOUT A FAN ®@ 








Body temperature and differences ° F. 
August 11, 1955 





No.of Average 
calves weight 9:30a.m.» 9:45am. 10:00a.m. 10:45a.m. 12:15p.m. 2:30p.m. 











Check 2 577 104.20 No fan 104.70 104.75 105.20 105.45 
Fan pen 2 612 104.25 Fan on 104.40 103.95 103.85 104.30 
Difference —0.05 0.30 0.80 1.35 1.45 
September 11, 1956 
9:30a.m. 9:45 a.m. 10:00 a.m. 11:00a.m. 12 noon’ 1:00p.m. 2:00p.m. 
Check 2 639 103.40 No fan 104.80 104.40 104.45 105.10 105.10 


Fan pen 2 723 103.35 Fan on 104.00 104.30 103.85 103.95 104.45 
Difference 0.15 0.80 0.10 0.60 1.35 0.65 





Skin temperatures and differences ° F., August 11, 1955 





9:45 a.m. 9:50 a.m. 10:30 a.m. 12:30 p.m. 2:10 p.m. 
Air temperature fanpen°F. _—__............ 92.5 95.6 98.4 103.5 
Air temperature check pen° F. —........... 92.9 94.3 97.0 99.0 
Air velocity in feet/minute 
20-skin temperature ° F. No fan 98.9 102.6 102.7 104.4 
400-skin temperature ° F. Fan on 96.1 96.8 101.2 101.8 
Difference °F. 2.8 5.8 1S 2.6 





a Air movement averaged around 400 fpm in the fan pen and about 20 fpm in the check pen 
during the tests. Weather station readings of temperature and humidity on August 11, 1955 and 
September 11, 1956 at 2 p.m. were 103° F., 26%, 106° F., and 18% respectively. 

b The 9:30 a.m. body temperatures were taken without the fan on, all other body temperatures 
and skin temperatures were taken with the fan on in the fan pen. 


Although cattle do not sweat as man does and they have a dry skin, 
they do lose considerable moisture through the skin and thus dissipate a 
a good deal of heat (Kibler and Brody, 1950). The body and skin tempera- 
tures of animals with and without a fan indicate that heat is removed from 
the steers by increased air movement at temperatures around 106° F. Air 
temperatures of 115° F. may reverse this cooling effect. The overall effect 
of the fan is significant as shown by the daily gains, but the periods of the 
day when it is most effective have not yet been determined. 


Summary 


Increasing air movement by the use of a fan significantly increased the 
daily gains of cattle fed in wooden corrals. Two tests are reported, one 
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made in 1955, the other in 1956. Cattle gained 2.37 lb. per head per day 
in the fan pen and only 1.29 Ib. in the check pen in 1955, while the gains 
in 1956 were 2.40 lb. and 1.87 lb. respectively. Air movement in the fan 
pen averaged 325 fpm and in the check pen, 55 fpm. Lower average air 
temperature and humidity in 1956 may account in part for the differences 
in daily gain for the two years. 

Weather records and water consumption data are reported. A few body 
and skin temperatures of steer calves with and without a fan are also 
reported, and these data indicate that heat is removed from the animals 
with increased air movement. 

At some air temperature above 103° F. increased air movement begins 
to have a heating effect on the animal’s body. However, the overall effect 
of the fan is significant (at the 1% level) as shown by the daily gains, 
but the periods of the day when it is most effective have not yet been 
determined. 
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STUDIES ON BOVINE OCULAR SQUAMOUS CARCINOMA (“CAN- 
CER EYE”). II. RELATIONSHIP BETWEEN EYELID PIG- 
MENTATION AND OCCURRENCE OF CANCER 
EYE LESIONS !:? 


Davip E. ANDERSON, JAY L. LusH AND DoyLE CHAMBERS ® 


Cancer Eye Study Section of The University of Texas M.D. Anderson 
Hospital and Tumor Institute, Houston 


HE opinion has been expressed repeatedly that lack of brownish-red 

pigmentation in the eyelid is an important contributing factor in the 
occurrence of cancer eye in Hereford cattle. However, few studies have 
presented actual data on this question, and these have involved a small 
number of affected animals (Lush, 1925; Guilbert e¢ al., 1948; and Bonsma, 
1949). 

The present study provides additional information on the relationship 
between eyelid pigmentation and the occurrence of ocular carcinoma or 
its benign precursor lesions. 


Materials and Methods 


The data were from three sources: + (1) grade Hereford cattle at 
the SMS Ranch in Stamford, Texas; (2) purebred Hereford cattle at 
the Turner Ranch in Sulphur, Oklahoma; and (3) grade Hereford cattle 
belonging to the Oklahoma Agricultural Experiment Station at El Reno, 
Oklahoma. Herds (1) and (3) were observed at intervals of 6 months 
and herd (2) was observed annually. 

Pertinent eye lesions were diagnosed * from field observations and 35 mm. 
colored transparencies as (1) plaques, (2) papillomas, (3) keratomas, and 
(4) cancer. The diagnoses were in accordance with the classification of 
Russell et al. (1956). Lesions were also classified according to site as 
developing on the lids, eyeball, or nictitans and caruncle. Lesions can 


1 Publication No. 2 of the Cancer Eye Study Section of The University of Texas M.D. Anderson 
Hospital and Tumor Institute, Houston 25, Texas. The publication by Russell e¢ al. (1956) is the 
first one in this series. 

2 This investigation was supported in part by research Grant G-1 from the American Cancer Society 
and Grant C-1751 from the National Cancer Institute, of the National Institutes of Health, Public 
Health Service. 

3 Public Health Service Research Fellow of the National Cancer Institute located at the Derar‘ment 
of Animal Husbandry, Oklahoma A & M College, Stillwater, Oklahoma; Professor, Department of 
Animal Husbandry, lowa State College, Ames, Iowa; and Professor, Department of Animal Husbandry, 
Oklahoma A & M College, respectively. 

‘In the collection of these data by supplying animals and records, the cooperation of A. M. G. and 
W. G. Swenson of the SMS Ranch, Dr. G. Easley and J. McClelland of the Turner Ranch, and 
Dr. L. S. Pope ef the Department of Animal Husbandry, Oklahoma A & M College, is gratefully 
acknowledged. 

5 All diagnoses of lesions used in this paper were mede by Dr. E. Staten Wynne of the Section of 
Experimental Pathology and Bacteriology, The University of Texas M.D. Anderson Hospital and 
Tumor Institute, Houston. 
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develop in both eyes, and more than one may develop in the same eye. 
Only one lesion was considered per site, and when more than one was 
present at a given site, the lesion used was the one considered as most 
advanced from the standpoint of genesis of carcinoma. 

A brief description of the lesions follows, based on the more detailed 
one published by Russell et a/. (1956). These workers also presented evi- 
dence that plaques, papillomas, and keratomas are often precursors of 
carcinoma. 

Plaque. This lesion is considered the initial precursor in the patho- 
genesis of squamous carcinoma of the eyeball, nictitans and caruncle. 
Plaques may be circular, oblong, or irregular and are essentially greyish- 
white areas of thickened epithelium whose surface may be smooth or 
roughened. Plaques occur most frequently along the corneo-scleral junc- 
tion, generally at the lateral or medial aspects. 

Papilloma. This lesion is considered an intermediate stage in the 
pathogenesis of some squamous carcinomas of the eyeball, nictitans and 
caruncle, and very rarely of the skin of the lids. Like plaques, the most 
common location of papillomas is the corneo-scleral junction. The surface 
of papillomas appears granular with freely movable fronds extending 
outward from a base which may appear to merge into an underlying plaque. 

Keratoma. This lesion is considered a precursor in the pathogenesis 
of squamous carcinomas of the skin of the lids and the lacrimal lake. 
Keratomas occur most frequently near the hairline, and are generally 
dirty brown in appearance. These lesions are often called cutaneous horns 
or ‘“‘wickers” and may extend outward 3 cm. from the skin. Keratomas 
are common in older animals. 

Squamous Carcinoma. On the eyeball, nictitans and caruncle, carcinoma 
may arise from a plaque, or following the plaque-to-papilloma sequence. 
The surface may be granular, hemorrhagic and ulcerated, or papillary. 
These lesions occur most commonly at the corneo-scleral junction, and 
may extend to involve the entire eye. As pointed out by Russell e¢ al. 
(1956), carcinomas developing on the skin of the lids or lacrimal lake 
may arise in areas of keratosis or acanthosis with focal ulceration (‘“boggi- 
ness”’) or, rarely, from papillomas. However, the last two benign lesions of 
the skin or lake were not considered in the present study. 

Records for the present investigation consisted in part of stamped out- 
lines of both eyes onto which lesions and pigmentation were drawn, either 
from visual inspection of eyes in the field or from study of colored photo- 
graphs. Amount of pigmentation on the skin of the lids was estimated from 
the records and expressed as a percentage of the entire lid length covered 
by pigment, using a scale which divided the lid length into 100 equal units. 
The amounts ranged from 0 to 100%, but were generally less than 100, with 
the majority of animals (75-80%) having amounts which ranged from 
0 to 50%. For statistical analysis, a transformation converting percentages 
to angles was used, as recommended by Snedecor (1946). In the present 
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case, the transformation probably made the measure of pigmentation only 
slightly more efficient than if percentages had been used. Amount of pig- 
mentation was converted back to percentage units for purposes of presenta- 
tion in tables and discussion. All observations of eyelid pigmentation and 
its scoring were made by the senior author. 

For the SMS cattle, ages of individual animals were not obtainable; but 
most ranged from 5 to 10 years with an average age of about 8 years. 
Cattle in the Turner herd ranged from 1 to 17 years of age at the last 
observation, and averaged 5.4 years. Since only one lesion occurred among 


TABLE 1. PERCENTAGE INCIDENCE OF LESIONS ON THE LIDS, EYEBALL, 
AND NICTITANS AND CARUNCLE OF 842 ANIMALS 











Percentage Total incidence 
Eye health Number incidence per site 
Lids 10.0 
Keratoma 5 Yay | 
Cancer 19 220 
Normal 758 90.0 
Eyeball 27.6 
Plaque 174 20:7 
Papilloma 30 3.6 
Cancer 28 3.3 
Normal 610 To & 
Nictitans and caruncle 2.6 
Combined lesions 22 2.6 
Normal 820 97.4 





some 200 animals below 5 years of age, only those above 4 were included 
in the present analysis. All animals in the El Reno herd were 7 years of 
age at the last observation. The animals from all herds were thus suffi- 
ciently old to be in the age range in which the preponderance of cancer 
eye lesions occurs (Woodward and Knapp, 1950; Blackwell et al. 1956). 

Records of pigmentation were available on 842 animals. Of these, 431 
were in the SMS herd, 304 were in the Turner herd, and 107 were in the 
El Reno herd. 

Analyses were conducted first on an intra-herd basis but, since the 
conclusions drawn from the results of each herd were basically the same, 
only results for the combined herds as a single sample are presented for 
the sake of brevity. 


Results 


Data on the incidence of four types of cancer eye lesions at three area 
sites are shown in table 1. These data are presented merely as a basis for 
studying the relationship between eyelid pigmentation and the occurrence 
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of the several lesions. Figures in table 1 by no means represent accurate 
estimates of incidence of the disease, for the following reasons: (1) acan- 
thosis with focal ulceration (‘‘bogginess’”’) was not included; (2) incidence 
figures shown are for specific /esions rather than the disease as a whole, 
without considering whether more than one type of lesion occurred in the 
same animal; (3) all diagnoses were clinical; and (4) many of the animals 
have developed additional lesions on further observation. More definitive 
studies on incidence of ocular squamous carcinoma and its benign pre- 
cursor lesions will be forthcoming in a separate publication from the 
Cancer Eye Study Section. 


TABLE 2. THE OBSERVED AND EXPECTED FREQUENCIES OF LESIONS ON 
LIDS HAVING VARYING AMOUNTS OF PIGMENTATION 











Observed Expected 








Percent pigmentation Percent pigmentation 

Type of ~- --- - - —- - 
lid lesion 0 <50 >50 100 0 <50 >50 100 Total Chi-square 
Keratoma 39 20 6 0 21 23 16 5 65 30; 33** 
Cancer 9 6 4 0 6 6 5 2 19 6.18 
Combined 48 26 10 0 27 29 21 7 84 31 79"* 
Normal 225 266 199 68 246 263 188 61 758 

Total 273 292 209 68 273 292 209 68 842 

Pe Ol. 


Independence of each kind of eye lesion and amount of pigmentation 
on the eyelids was tested in contingency tables by dividing animals into 
two classes, those with lesions and those with none. Animals in each of 
these were then sub-divided into four classes of lid pigmentation, i.e., 
none, less than 50%, 50% or more, and 100%. These ciasses are desig- 
nated as 0, <50, >50, and 100 in tables 2, 3, and 4. Only four classes were 
used in order that expected frequencies would approach or exceed 5. 
Expected frequencies, assuming pigmentation and lesions to be inde- 
pendent, were computed for each cell and their departure from observed 
frequencies was tested by the chi-square method with three degrees of 
freedom. The chi-square values were not corrected for discontinuity be- 
cause degrees of freedom were in excess of one, the expected frequencies 
were larger than 5 in most cases, and sample size was large. 

The tests of independence for lid lesions are shown in table 2. A chi- 
square value for keratoma this large or larger would be found less than 
once in a thousand times by chance alone, if there were no real difference, 
while one as large as that for cancer would be found about 10% of the 
time. The chi-square for combined lid lesions would be expected by chance 
much less than once in a thousand times. The number of animals with 
keratomas and cancer and no pigment on the lids exceeded the number 
expected if lesions occur independently of lid pigmentation. Animals with 
partially or completely pigmented lids showed correspondingly fewer lid 
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lesions than expected. In fact, no keratomas or cancers were observed to 
develop on lids completely covered with pigment, or on any pigmented 
portion of partially pigmented lids. 

The 4x2 product-moment correlation from table 2 between the presence 
or absence of keratomas and the four pigmentation classes was —0.19,° 
and the correlation between lid cancer and pigmentation was —0.07. 
Biserial correlations such as these tend to be distinctly smaller than 
would be the case if each of the variables could have been measured on 
a continuous scale. The negative signs indicate that more lesions occurred 
in eyes with little or no lid pigmentation. The correlation between all lid 
lesions and pigmentation was —0.19. 


TABLE 3. THE OBSERVED AND EXPECTED FREQUENCIES OF LESIONS ON 
THE EYEBALL OF EYES HAVING VARYING AMOUNTS OF EYELID 














PIGMENTATION 
Observed Expected 
Percent pigmentation Percent pigmentation 

Type -- —-—- - ——-+-——- 
of lesion 0 <350. >56. . 100 0 <5S0 >50 100 Total Chi-square 
Plaque 60 63 39 12 57 60 43 14 174 2222 
Papilloma 11 6 11 2 10 10 8 2 30 4.96 
Cancer 16 7 4 1 9 10 7 2 28 9.14* 
Combined 87 76 54 15 76 80 58 18 232 4.22 
Normal 186 216 155 $3 197 212 151 50 610 

Total 273 292 209 68 273 292 209 68 842 

~ Pe D5. 


Tests of independence between lesions developing on the eyeball and 
amount of eyelid pigmentation are shown in table 3 and indicate little 
association. Chi-square values this large or larger would be found by 
chance from 3 to 55% of the time. Cancer was the only lesion showing 
any association with pigmentation which approached statistical signifi- 
cance. The general trend in the discrepancies between observed and ex- 
pected frequencies for each type of lesion indicates only a slight association 
with lid pigmentation. More lesions tended to occur on eyeballs in the 
absence of lid pigment than would be expected if the two were inde- 
pendent, and correspondingly fewer lesions tended to occur on eyeballs 
of eyes partially or completely surrounded by pigment, but this trend 
could easily have occurred by chance. 

The 4x2 product-moment correlations from table 3 between the presence 
or absence of each type of lesion and the four pigmentation classes were 
as follows: plaque, —0.05; papilloma, 0.00 cancer, — 0.10 and com- 
bined lesions, —0.06. The negative signs indicate that lesions tended to 
develop on eyes with little or no lid pigmentation. The correlation for 

6 This measures, on a scale from zero for none to 1.0 for perfect, the closeness of the relation alone; 


whereas the chi-square test of statistical significance is affected by both the closeness of the relation 
and by the amount of evidence. 
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cancer is a larger negative one than that for plaques, while that for 
papillomas is zero. Confounding of age and pigmentation may have af- 
fected these results. For example, in one of the herds, animals with non- 
pigmented lids were older than those showing pigment (since the older 
ones were sired largely by a bull with non-pigmented lids and the younger 
ones by a bull with pigmented lids). This circumstance, coupled with the 
fact that cancer usually develops later in life than plaques, would result 
in cancer appearing to be more closely related to lid pigmentation than 
plaques. In any case, the differences between the correlations were small 
enough that they could be ascribed to chance. 

Since few lesions developed on the nictitans and caruncle, only for 
combined lesions would the expected frequencies exceed or approach five. 
A test of independence between combined lesions and amount of lid pig- 
mentation is given in table 4. A chi-square value as large as or larger 


TABLE 4. THE OBSERVED AND EXPECTED FREQUENCIES OF LESIONS ON 
THE NICTITANS AND CARUNCLE OF EYES HAVING VARYING 
AMOUNTS OF EYELID PIGMENTATION 











Observed Expected 
Percent pigmentation Percent pigmentation 
Type — —-— - on en 
of lesion 0 <50 >50 100 0 <50 >50. 100 Total Chi-square 
Combined 8 10 4+ 0 7 8 5 2 22 3.09 
Normal 265 282 205 68 266 284 204 66 820 
Total 273 292 209 68 273 292 209 68 842 





than that in table 4 would occur by chance alone about 40% of the time. 
The 4x2 correlation between these lesions and pigmentation was —0.05 
and is likewise insignificant. Thus independence of eyelid pigmentation 
and lesions on the caruncle or nictitans remains a tenable hypothesis. 

The average association between pigmentation of the lids and all lesions, 
irrespective of site, was studied by combining tables 2, 3, and 4. This as- 
sociation, due largely to lid lesions, approached significance at the 5% 
level of probability (P<.07). The correlation for all lesions was —0.09. 
Lesions developing in eyes with no lid pigment were two and a half times 
more frequent than those developing in eyes completely surrounded by 
pigment. 


Discussion 


The results (just presented) indicate a real association between de- 
creasing amount of pigmentation on the eyelids and the development of 
lesions on the skin of the lids. The association for all lesions, irrespective 
of site, is smaller. The association between eyelid pigmentation and lesions 
on the eyeball, or nictitans and caruncle, was not statistically significant. 

These findings support earlier observations that lack of pigmentation 
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around the eye in Hereford cattle is an important contributing factor 
to the occurrence of cancer, particularly of the lids. Black (1934) re- 
ported that the effect of sunlight on unpigmented skin around the eye 
probably increased the incidence of cancer eye, although no supporting 
data were presented. Wernicke (1935) considered an animal predisposed 
to the disease so long as the eye was not completely included in a pig- 
mented area of the head. In 13 affected animals of a total of 296 over 
four years of age, Guilbert et al. (1948) noted that initial lesions always 
developed on non-pigmented portions of the lower lids. Lush (1925) ob- 
served that of 12 cases of cancer eye in 3,.000—4,000 animals, all occurred 
on non-pigmented lids. It was estimated that the number of animals with 
non-pigmented lids was about one-half the number with pigmented lids. 
When the observed and expected frequencies from the data of Lush are 
compared in a 2x2 table, the results are highly significant (P<.01). 
Bonsma (1949) also found the incidence of lesions in eyes with non-pig- 
mented lids to be higher than in those with partially or completely pig- 
mented lids. His study included 8 cases of cancer eye among a total of 
560 animals. 

Breeding for an increased amount of pigmentation on the skin of the 
lids should reduce the number of lesions developing on the lids. However, 
it is unlikely that this procedure would have much effect in reducing the 
number developing on the eyeball, nictitans and caruncle, since the asso- 
ciation between pigmentation and lesions at these sites appears to be 
small. Furthermore it is unlikely that an increased amount of lid pigment 
would reduce appreciably the total number of cancer eye lesions, because 
lid lesions are infrequent. In the present investigation, lid lesions were 
found on only about 10% of the animals over four years of age and were 
only about one-forth as frequent as lesions at other sites on the eye. 

It would seem that direct selection for increased resistance to cancer 
eye would be more effective than breeding for increased lid pigment in 
reducing the incidence of lesions. Blackwell e¢ al. (1956) found a herita- 
bility of .29 for susceptibility to cancer eye, a finding which indicates 
that the animal’s own phenotype, together with information on the re- 
sistance of parents, sibs or progeny, should be considered in selecting for 
resistance to cancer eye. For regions or herds where lid lesions are a major 
problem, lid pigmentation should serve as a criterion for some mild early 
selection, with more intense direct selection for increased resistance occur- 
ring later. 


Summary and Conclusions 


The relationship between eyelid pigmentation and cancer eye was in- 
vestigated in a study of 842 Hereford cattle, among which 338 had lesions 
(benign precursor and carcinoma). Lesions were more frequent on the 
eyeball than on the lids, and least frequent on the nictitans and caruncle. 
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The results indicate a real association between decreasing amount of 
pigmentation on the eyelids and the development of lesions on the skin of 
the lids; the association for all lesions, irrespective of site, is smaller. 
The association between eyelid pigmentation and lesions on the eyeball, 
or nictitans and caruncle, was not statistically significant. 

Direct selection for increased resistance to cancer eye would seem more 
effective than breeding for increased lid pigmentation in reducing the inci- 
dence of lesions. Breeding for increased amount of pigmentation on the 
skin of the eyelids should reduce the incidence of lid lesions but would 
have little effect in reducing the incidence of lesions developing on the 
eyeball, nictitans and caruncle which are more frequent. 
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NEWS AND NOTES 


Members are reminded that the annual meeting of the American Society of Animal 
Production will be held at the Sherman Hotel in Chicago, Illinois, on November 
29 and 30, 1957. 


The Marketing of Livestock and Meat by Stewart H. Fowler, Associate Professor 
of Animal Husbandry, State College, Washington, was recently published by The 
Interstate Printers and Publishers, Inc., Danville, Ill. This new text dealing with the 
marketing of livestock and meats presents an interesting and somewhat different ap- 
proach to this complex and broad subject. It is well illustrated with up-to-date 
pictures and diagrams, and the statistical information presented in the tables and 
graphs is well documented. Considerable information is included relative to early 
history and development of the various methods of livestock marketing and trans- 
portation. The book contains a rather complete discussion of the development and 
operation of livestock auctions as well as a discussion of the pros and cons of selling 
by carcass weight and grade. The author has also included a chapter on merchandising 
of meat and meat products and a rather brief discussion of various methods of 
selling purebred livestock. A very complete glossary of livestock marketing terms 
is presented in the appendix.—Ellis A. Pierce. 


The fifth edition of Breeding and Improvement of Farm Animals by V. A. Rice, 
F. N. Andrews, E. J. Warwick and J. E. Legates was published in May, 1957 by 
McGraw-Hill Book Co., Inc. In this edition increased emphasis is placed on the 
selection of breeding stock. While increasing the coverage of population genetics the 
total length of the book has been reduced approximately 30% from the previous 
edition by condensation of the introductory chapters, chapters on principles of 
heredity, and elimination of chapter summaries and a chapter on selection in horses. 
The book will be of interest to college students wishing an introduction to physiology 
of reproduction and the selection of breeding stock—R. H. Foote. 


Training Program for Steriod Biochemistry. Applications will be accepted until 
August 15, 1957 for the second course in the Training Program for Steroid Bio- 
chemistry to start October 1, 1957. The program is conducted through the cooperative 
effort of the Worcester Foundation for Experimental Biology, with the Department 
of Chemistry, Clark University, and the Department of Biochemistry, College of 
Medicine, University of Utah. The training program is sponsored by the National 
Cancer Institute of the National Institutes of Health, U.S.P.H., to provide specialized 
training for individuals interested in steroid investigation. Post-doctoral candidates 
having an M.D. or Ph.D. degree will receive $5,000 for one year. Candidates having 
a B.S., M.S. or equivalent degree will receive $1,500 for a six months training period, 
October 1, 1957 through March, 1958. Requests for applications should be sent to Dr. 
Kristen Eik-Nes, Department of Biochemistry, College of Medicine, University of Utah, 
Salt Lake City, Utah, or to Dr. Frank Unger, Department of Chemistry, Clark Uni- 
versity, Worcester, Massachusetts. 


Prof. Dr. E. Lienert on behalf of the Commission for the organization of post- 
graduate courses, Veterinary College of Vienna, Wien, III, Linke Bahngasse 11. 
Austria, extends an invitation to attend the 2nd International post-graduate course 
for veterinary surgeons at the Veterinary College of Vienna, October 2nd to 5th, 1957. 
In addition to -a consideration of problems dealing with veterinary medicine and 
surgery, special attention will be given to problems of piglet anemia, stiff-lamb dis- 
ease, mixed feeding-stuffs and their judgment by the veterinarian and Austrian laws 
for promotion of animal breeding. 
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748 NEWS AND NOTES 


Ralston Purina Research Fellowships. The Ralston Purina Company has announced 
the winners for 1957-58 of the Ralston Purina Research Fellowships as follows: 
Animal Husbandry: Earle E. Lister, Macdonald College, P. Q., Canada; J. Elton 
Zimmerman, Stillwater, Oklahoma; John E. Moore, Columbus, Ohio; Dairy Hus- 
bandry: John R. Suttie, Madison, Wisconsin; Lloyd E. Christie, East Lansing, 
Michigan; Werner Jacobsen, New Brunswick, N. J.; Poultry Husbandry: Don 
deSteiguer, Stillwater, Oklahoma; John V. Spencer, Pullman, Washington; William 
R. Featherston, Fayetteville, Arkansas; Veterinary Medicine: Donald R. Casorso, 
Storrs, Conn. The winners were selected by a committee consisting of Rufus G. Cox, 
American Society of Animal Production; J. B. Frye, American Dairy Science Associa- 
tion; J. McGinnis, American Poultry Science Association, C. A. Brandly, American 
Veterinary Medical Association and R. MacVicar, Association of Land Grant Colleges 
and State Universities. Each award is for $1,620 on an annual basis and the winners 
may use the grants to study at an institution of their choice. 


Roman Kuiwich, formerly an Animal Husbandman at the Animal Husbandry Re- 
search Division, U.S.D.A., joined the staff of the Quality Evaluation Section, Biological 
Sciences Branch, Agricultural Marketing Service, Beltsville, Maryland as a Biochemist 
effective May, 1957. 


Bruce R. Poulton, Associate Professor of Dairy Husbandry, has been appointed 
head of the Department of Animal Industry at the University of Maine effective 
July 1. He replaces Howard C. Dickey as department head. Dr. Dickey asked to be 
relieved of administrative responsibilities in order to devote more time to research 
and teaching. 


The following changes have been made at the U. S. Sheep Experiment Station and 
Western Sheep Breeding Laboratory, Dubois, Idaho: John A. Stoehr retired on 
March 31, from his position as Animal Husbandman in charge of management and 
operations. Julius E. Nordby retired as Director on April 30, 1957. S. Keith Ercan- 
brack, formerly at Utah State Agricultural College, has been appointed to the posi- 
tion of Geneticist. Clearence V. Hulet, formerly at the Idaho State College, Pocatello, 
has been appointed to the position of Geneticist. R. Dean Humphrey, formerly at the 
Fort Reno, Oklahoma Experiment Station, has been appointed to the position of 
Animal Husbandman. Donald A. Price who recently completed his Ph.D. degree at 
Oregon State College has been appointed to the position of Animal Husbandman. 


Carl G. Potts, Animal Husbandman, and Ralph G. Schott, Geneticist retired on 
December 31, 1956. Both had been engaged in sheep breeding research at the U.S.D.A. 
Agricultural Research Center at Beltsvilie. 


Damon A. Spencer retired on March 31, as Senior Animal Husbandman of the 
Sheep Section, Agricultural Research Service. 


Percy C. Enge has been appointed Extension Veterinarian at the University of 
California. He received his D.V.M. degree at Texas A & M College, and has been 
practicing in Minnesota. 


Willis F. Nickelson was made Extension Specialist in Animal Science at the Uni- 
versity of Illinois. He received his B.S. and M.S. degree at Oklahoma State University, 
Stillwater. 


Ralph E. Morrow was appointed Extension Animal Husbandman at Michigan State 
University, January 1. His subject matter responsibility will be 4-H project work 
in all species. 


J. P. Willman, Professor of Animal Husbandry at Cornell University, retired 
February 4, after 31 years of service. 
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Benjamin W. Wamsley, Jr. was made Associate Extension Animal Husbandman, 
May 1, at the University of West Virginia and is located at Morgantown. He is a 
graduate of West Virginia University and has been engaged in county agent work 
since 1948. 


Martin J. Burris, formerly at the Beef Cattle Research Station, Front Royal, 
Virginia has been appointed Animal Geneticist in the State Experiment Stations Divi- 
sion of the Agricultural Research Service. 


Earl J. Splitter, formerly Associate Professor of Veterinary Pathology, Kansas 
State College, joined the technical staff of the State Experiment Stations Division, 
ARS, on April 1, as specialist in the field of Veterinary Science. 


B. T. Simms, Assistant Administrator in the Agricultural Research Service, and 
former Director of Livestock Research, retired June 30. Immediately following his 
retirement, Dr. Simms left on a two year assignment at the University of Ankara, 
in Turkey. On April 5 Dr. Simms was honored by receiving the first Distinguished 
Service Research Award bestowed by the Animal Health Institute, Inc., and was 
presented a bronze plaque, an engraved sterling silver pitcher and a check for $1,000. 


Fred W. Boren, formerly with Burris Mills, Sherman, Texas, joined the Animal 
Husbandry department at Kansas State College on April 1. 


R. J. Meade, former Associate Professor in swine nutrition at the Nebraska Agricul- 
tural Experiment Station, now has a similar position at the Minnesota Agricultural 
Experiment Station. 


R. E. Comstock, formerly Professor of Statistics at North Carolina State College, 
has recently joined the Animal Husbandry staff at the University of Minnesota. He 
succeeds T. M. Winters who retired in 1956. 


Earl L. Lasley, former Associate Professor of Animal Husbandry at Iowa State 
College, is now a member of the Animal Science Department at the University of 
Illinois. 


Robert L. Squibb has accepted the Chairmanship of the Poultry Science Department 
at Rutgers University. 


Carl F. Sierk joined the technical staff of the State Experiment Stations Division, 
ARS, on January 30, as leader of the Animal Production Unit. During the past year 
Dr. Sierk was assistant chief of the Animal Husbandry Branch, International Coopera- 
tion Administration, Department of State. 


A realignment of program organization in the Agricultural Research Service, U.S.D.A., 
effective in February 1957, established four major groups, each group being the 
responsibility of a Deputy Administrator. The four groups are: (1) Utilization Re- 
search and Development, (2) Production Research, (3) Regulatory Programs and 
(4) Experiment Stations. 


T. C. Byerly, formerly Assistant Administrator of Livestock Research, is now 
Deputy Administrator for Production Research, consisting of seven divisions: Animal 
Husbandry Research Division; Animal Disease and Parasite Research Division; Soil 
and Water Conservation Research Division; Crops Research Division; Entomology 
Research Division; Agricultural Engineering Research Division; and Farm Economics 
Research Division. 


Ralph E. Hodgson, formerly Chief of the Dairy Husbandry Research Branch, is 
Director of the Animal Husbandry Research Division. The new division combines the 
Dairy Husbandry Branch and the Animal and Poultry Husbandry Branch. N. R. 
Ellis is Deputy Director of the Division. 
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750 NEwS AND NOTES 


Douglas E. Hogue recently completed a Ph.D. degree in Animal Nutrition at 
Cornell University and has been appointed Assistant Professor of Animal Husbandry 
with duties in Sheep Husbandry at that institution. 


Vearl R. Smith has resigned his position in the Department of Dairy Husbandry 
at the University of Wisconsin to accept a position as Head of the Dairy Department, 
University of Arizona, Tuscon. 

L. H. Schultz, Professor of Animal Husbandry at Cornell University has resigned 
to accept a position as Professor of Dairy Husbandry, University of Wisconsin, 
Madison. 


Wilson G. Pond recently completed a Ph.D. degree in Animal Husbandry at 
Oklahoma State University, Stillwater, and has been appointed Assistant Professor 
of Animal Husbandry at Cornell University effective August 1. 

















ERRATUM 


In the May issue, Vol. 16 page 370 the last line should read as 
follows: 


enzymes. Pancreatic amylase (1--50-5 min.), malt amylase and pan- 


The first two lines at the top of page 371 should read as follows: 


creatin * were each added at a level of 1.0% of the starch content of the 
diet. The procedure followed in preparing the purified diet was similar 















































INFORMATION FOR CONTRIBUTORS 


1. Papers may be submitted reporting work whose ultimate objective is clearly 
the solution of a livestock production problem and whose contents should 
be of interest particularly to those dealing with livestock production problems. 
Review papers on subjects of general interest will also be published at intervals, 
and will be prepared on invitation by the Editorial Board. 


2. All papers will be subject to critical review by the Editorial Board, or others 
designated by the Editor. Papers needing revision will be returned to authors 
and should be revised and returned promptly. Papers not suitable for publica- 
tion will be returned to authors with a statement of reasons for not accepting 
them. 


3. Papers submitted should be based on new and adequate information. The 
following are guides to style and form: 


(a) Manuscripts must be typed, double-spaced, and the ribbon copy submitted. 


(b) Pages must be numbered. The lines of text must be numbered in the 
left margin, beginning with one at the top of each page. This does not apply 
to tabular material. 


(c) Tables should be as few and as simple as is feasible for presentation of the 
essential data. 


(d) Legend for each figure should be typed on a separate sheet. Photographs 
should be carefully prepared and labeled. Magnifications of photomicrographs 
should be indicated on legends. Charts should be prepared in India ink. Typed 
materia] on charts is not acceptable. Material that will not reproduce satisfactorily 
will be returned for revision. For suggestions on preparing illustrative material 
see the “Style Brief” published by the Wistar Institute Press, Philadelphia. 
If in doubt, consult the Editor before putting material in finished form. 


(e) The introduction should consist only of a paragraph indicating very briefly 
the nature of the question asked and the reason for asking it. Reference to 
relevant literature should be made later in the discussion of the results. Concise 
presentation of data is desired and there should be evidence of statistical exami- 
nation wherever obviously useful in the interpretation. Unsupported hypotheses 
should be avoided. The organization of a manuscript may vary with the nature 
of the material, but all manuscripts should contain a clear statement of applica- 
tion of the results or their relation to some problem of the livestock industry. 
Each paper should end with a brief summary in the form of an abstract contain- 
ing the most pertinent data in the briefest possible form. 


(f) Literature citations must be listed in alphabetical order and should be 
referred to in the text by author and date, i.e., Castle (1924), or (Castle, 1924). 
Citations may be referred to by number in review articles where the number 
of citations is too great to permit convenient use of the above form. “Literature 
cited” lists should be typed in a style used in a current issue of the JouRNAL. 


4. Manuscripts will be edited in the order. received, and accepted papers will be 
published as nearly in this order as feasible. 





. There will be a charge for making engravings in excess of one page per paper 
and of printing tables in excess of two pages per paper. The author will be 
asked when his manuscript is accepted to indicate the institution, agency or 
individual that will assume responsiblity for the charges and for the reprints 
ordered at that time. 


. Authors will receive galley proof of articles together with a form for supplying 
an abstract for “Biological Abstracts.” Corrected proof and abstract should 
be mailed to the Editor within three days after they are received. Failure to 
do this may result in delay of publication until the next issue. 


. One author of each manuscript should be a member of the Society. Papers by 
non-members can be published only after approval by the Executive Committee. 


. A “News and Notes” section will be published in each issue, including Society 
announcements, changes in positions and other items of professional interest 
to members. All such items should be sent promptly to the Editor. 


. Abstracts of papers to be presented at the annual meetings of the Society will 
be published in the November issue. Such abstracts must not exceed 250 
words in length, should be typed (double spaced) and the ribbon copy sub- 
mitted, the lines on the page should be numbered, in the left margin, from 


top to bottom, and must be in the hands of the Secretary of the. Society 
by August 15, preceding the meeting. These abstracts must be summaries of 
results and conclusions. 


. Presentation of a paper at the annual meeting does not exclude it from 
publication in complete form in the JournaAL. Such papers may be submitted 
to the Editor and will be given equal consideration with others submitted. 


. All manuscripts and correspondence concerning them should be addressed to 
the Editor: Dr. J. K. Loosli, Department of Animal Husbandry, Cornell Uni- 
versity, Ithaca, New York, or to the publishers: Boyd Printing Company, 372- 
374 Broadway, Albany 7, New York. 


. All correspondence concerning subscriptions to the JouRNAL OF ANIMAL SCIENCE 
and other business matters should be addressed to the Business Manager, 
Dr. H. H. Stonaker, Department of Animal Husbandry, Colorado A&M 
College, Fort Collins, Colo., or to the publishers, Boyd Printing Company, 
372-374 Broadway, Albany 7, New York. 





